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PREFACE

This manual has been written in response to the growiag need for "soft-
ware" information (how to manage a particular techmology) on the part of
small- and medium—scale furniture manufacturers in developing countries. Such
information, when it is available, is often of the "bits and -ieces" variety;
it seldom offers an integrated perspective. On the other hand, a considerable
amount of "hardware" information (what machines are best suited for various
applications) is available, distrituted by suppliers of machinery and general
furniture manufaccuring technology. Both types of information, however, are
required for the effective diffusien of modern fuvrniture wmanufacturing
know-how in developing countries, especially to small- and mediumscale
firms. Success in the development of the principles, concepts, tools and
practices needed for the smooth and effective operation of such firms lies in
the selection, adaptation and application of existing production management
principles.

This manual has been prepared primarily for owner-managers; production
managers; and industrial extension officers or small-business consultants.
For brevity, the term "smali-scale" is used throughout the publication to
denote a firm employiug up to 100 workers, i.e. a family, small or
mediumr-sized business. It is assumed that such a firm will be managed by one
person (owner-manager) or a group of partners, and bhave a highly fluid
organizational structure with few staff support functions. Furniture
manufacturing refers to the production of pieces for household, office and
institutional use.

The manual concains eight chapters, all of which deal with production man-
agement themes that are seldom given adequate coverage in the literature con
furniture manufacturing. Topics covered range from the production function io
production planning and control, which is considered by many to be the inte-
grating element of the production system. Topics such as the principles »>f
plant organization, safety, accident prevention, and maintenance management
are well covered in contemporary, readily obtainable publications on produc-
tion management, and for that reason have not been included in the present
manual. The reference works consulted in the preparation of the manual are
listed in the form of a bibliography.

The manual was prepared for the United Nations Industrial Development
Organization (UNIDO) by Eduardo Q. Canela (Philippines), a production
management consultant for small- and medium-scale manufacturing enterprises in
developing countries. The views and opinions expressed are those of the
author and do not necessarily reflect the views of the UNIDC secretariat,
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1. PRODUCTION IN TEE SMALL-SCALE FURNITURE
MANUFACTURING FIRML/*

Introduction

Furniture manufacturing firms, irrespective cf their size or the diversity
of their product lines, have two basic functions: (a) they produce furniture
pieces and (b) they endeavour to market them. The performance of these func-
tions entails labour and money, which explains the organization cf the large-
scale enterprise in terms of marketing, productioan, finance and pecsonnel man-
agement. In smaller firms, however, the various responsibilit:es of manage-
ment may not be as neatly categorized, as most of them are normaily assumed by
the owner-manager. In the developing countries, especially, most small-scale
furniture manufacturing firms have either a single proprietor or are
family-owned.

Some management experts believe that the lack of precisely defined manage-
ment functions is a distinct advantege for the smaller firm, but the majority
argue that separating those functions enhances a firm's potential for growth
and survival. They also argue that the blurring of managerial responsibili-
ties is responsible for a ho-t of problems unique to the smaller firms, beside
those normally encountered in production management.

Producticn management: definition and scope

Production is to the manufacturing enterprise what the engine is to the
aucomobile: it keeps it in constant motion with the primary objective of de-
livering convenience and comfort to customers through its products. Produc-
tion management refers to those activities involving planning, organizing, di-
recting, integrating, controlling and evaluating the entire praocess of manu-
facturing goods or providing services at the right cost and in the right time,
quantity, quality and place. It is closely related to other functional areas
of the manufacturing operation. This relationship, greatly simplified, is 1il-
lustrated in figure 1.

It will be observed that production is closely connected with all other
functional areas of manufacturing and must not be treated as an independent or
isolated activity. The simple relationships depicted in the figure in reality
represent the flow or deployment of information, money, material and personnel
within the firm. The organizational structure of the furniture manufacturing
enterprise, whether simple or complex, must represent a constant attempt to
orchestrate or integrate all the production-related activities of the various
functional areas with a view to ensuring attainment of the goals of the enter-
prise. Figure 1 may also be used as a startirg point in determining the im-
portance of, and relationship between, the various functional areas of the
manufacturing operation, although such determination may lead to a certain
amount o° conflict. The perennial conflict between production and marketing
staff as to which side dictates what the firm should produce or sell is a
familiar one. It may not occur when both the production and marketing func-
tions are subject to direct management. Subsequent growth and expansion, how
ever, may necessitate their separation, in which case the conflict becomes al-
most inevitable. Generally speaking, when a firm, has reached the growth

* For thke notes, see p. 115 below.




Figure 1. The relationship between production management
and other aspects of the manufacturing operation
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stage of development,zl marketing should have attained primacy over produc-

tion and should be allowed iLo dictate the type, quantity and quality of pro-
ducts to produce and when to produce them. The scheme shown in figure 1
should be useful in dealing with the production-marketing dilemma.

The production system as a "black box"

A "black box" is essentially a converter mechanism which requires a set of
inputs and in turn yields a set of cutputs. Figure 2 shows a simplified
representation of the production system as a black box.

Figure 2. The production system as a "black box"
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The black box apprcach facilitates description of the various types of
manufacturing systems available to furniture manufacturers and, within the
context of the present manual, makes it possible to itemize in relatively
broad terms - without going into the details of the steps involved in convert-
ing raw materials into finished products ~ the various inputs (sawnwood, ply-
wood, adhesives, electricity etc.) needed to generzte the required outputs,

Viewving the productioa function as a black box means starting at the out-
put rather than the input side. Simply put, this means starting with the
question: "What to prnduce?' rather than "Is the production capacity there to
manufacture furniture pieces?" At first glance, this sequence of questions
may not appear significant. Indeed, there is evidence that the majority of
small-scale furnitire manufacturing firms in developing countries tend to
consider the inputs first. This is und2rscored by the fact that most such
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firms - even those that have been ir business for a number of years - have not
been able to find a product or a product line to specialize in. The

application of the basic principle of specialization, therefore, has not
gained too much headway in such cases.Z

Determining what product to produce is not easy, especially in the furni-
ture manufacturing business. The problem lies in considering "furniture" as
an end-product in itself. The term furniture refers, appropriately, to a
family of product lines. Although in the beginning the small-scale furniture
manufacturer may turn out as many products as there are customers, with
varying specifications, the owner-manager must not lose sight of the main
product line in which he might specialize in the future. One highly
successful owner-manager, relating the story of how he started his business,
told the author: "I started producing furniture nine years ago. After
approximately three years, I began producing office furniture, and after
another three I was massproducing office tables." This case illustrates the
step-by-step process of attaining a level of product specialization that will
ensure the long-term growth of a firm.

Essentially, the small-scale firm derives two major outputs from its
inputs: products and services. There are, however, two other outputs of in-
terest: offcuts and knowledge., Scrups are of significance because of the
growing concern for better waste utilizatir~ and anxiety over the rapid de-
pletion of natural resources. Knowledge is important because of the need to
develop the technological capabilities of the workers and thus ensure the
long-term survival of the firm. Knowledge acquired in furniture manufacturing
can be fed back into the production system in the form of collective experi-
ence to support the process of technology build-up.

Looking at the inputs, it will be observed that some are '"one time" or
fixed (land, buildings, certain types of machinery and equipment etc.), 1i.e.
inputs on which 1investment is usually made only once, often at the start of
the business. Accountants normally refer to these as '"fixed costs" since they
do not vary, no matter at what level of efficiency they are used. Other input
requirements - raw materials, manpower, methodology, time, utilities, informa-
tion etc. — are of a continuing or recurring nature and demand more atten-
tion. Accountants refer to these as 'variable costs" since they vary depend-
ing on the level of outputs generated in the conversion process. The inter-
action of the various inputs as they operate in the manufacturing process to
produce the desired results is also worth observing.

In orchestrating the iaputs to the production process, the basic prin-
ciples of sound management shouid be borne in mind, nanely:

(a) The fixed or "one time" inputs should be planned meticulously. These
require rigotous attention to detzil in planning as initial flaws can be very
expensive to correct ir the long run. Likewise, planning for recurrent inputs
should be closely monitored and continually adinsted to attain be:t business
results;

(b) Manpower resourcec should be carefully deployed. A simple, highly
flexible organizational structure will be of considerable help in achieving
the goals of the firm. Materials, utilities and the like should be cnosen to
conform with the manufacturing methods selected; '

(c) The plant's existing organizational set-up should be made more effec-
tive (and overall production more efficieut) by continually motivating the
staff and co~ordinating the various inputs;
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(d) While this 1s being done, all the inputs should D¢ monitored in order
to ensure their proper and effective utilization.

The performance of all the resources and systems used in the firm should be
evaluated periodically and adjustments made where necessary. Most of these
principles, insofar as they relate to the production management of a small-
scale furniture manufacturing firm, are discussed in more detail elsewhere in
this manual.

Production systems

Chosing the right type of produciion system is crucia® to the small-scale
furniture manufacturer because: (a) he has a very limited uargin for
strategic error, and (b) each system makes unique demands oun his time and
skill as an owner-manager. Various options are open, but these, :enerally,
can be classified in two broad categories: intermittent and continuous. An
intermittent production system is simply one that is responsive to specific
vrders or the demands of specific buyers; a continuous system is one whereby
the firm manufactures tc stock (i.e. without a given huyer at a given time).
The majority of small-scale furniture manufacturers in the developing
countries employ intermittent systems, at varying l.ovels of sophistication,
irrespective of whether they are exporting their products or not. A '"job
order" operation is a good example of an intermittent syster, and a mass
production operation, whether rigid or flexible, 1is a  example of the
continuous type.

Job order production system

Employed by most small-scale furniture manufacturers in developing
countries, the job order system features the production of custom-built pieces
of furniture, tailor-made to the specific requirements of buyers, It 1is
characterized by relativel; small-volume job orders, the need for highly and
multi-skilled workers, and the extensive use of general-purpose machinery and
equipment. Because using this system entails working with a wide varietv of
product designs, enterprises employing it often complain of low productivity,
are unable to attain a high degree of specializaticn, and experience con-
siderable fluctuation in their manufacturing time-tables. Figure 3 is a sche-
matic presentation of a job order production system.

Figure 3. Job order production system

Products
Job order A, B, C, D, E, F, G, etc.
Inputs —{ production }—— (produced to the specifi-
system cations of specific
buyers)
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This type of production system offers, nevertheless, an attractive way for
firms with limited capital resources to start operations. The problem lies in
the extended use of the system, failure to identiry a product line to specia-
lize in, and consequently inability to move to a higher level of production.
Manufacturers employing this type of system should, at the outset, deploy
their workers on the basis of the skills or crafts they possess, then, after
some time, reorganize them according to the various stages the products have
to pass through, making sure that all the necessary skills are available for
each stage. Obviously., this cannot be achievad overnight. Some small manu-
facturers need five to eight years tc evcive from a skills/crafts to a stage-
type organization. In the meantime, attewpcs should continually be made to
standardize tools, jigs and materials to the point where a definitive if
limited range of nroducts can be tackled by the production system. This will
trigger the shift from job order to other production systems.

Rigid mass production

Rigid mass production is employed by firms producing few but uniform lines
of products in large quantities for specified markets. It is characterized by
a relatively high degree of specialization in terms of the product lines hand~
led; the sophistication of the machinery and equipmeant used; and the employ-
ment of machine operators rather than skilled craftsmen. Cther features are
longer ;roduction runs and relatively large quantities per production batch.
In view of the high levels of inventories involved, considerable storage space
must be set aside for raw materials, semi-finished and finished products. The
focus of attention is on marketing rather than production as firms engaged in
this type of oroduction manufacture to stock, as opposed to having a ready
buyer before the start of manufacturing, as is the case with job order produc-
tion. Figure 4 1s a schematic presentation cf a rigid mass production sys-
tem. It will be observed that the final products of this system - in addition
to the tools, jigs and materials employed - ace standardized and uniform.
Uniformity, in as few product lines as possible, is the key to rigid mass pro-
duction.

Figure 4. Rigid mass production system

Froducts
Rigid mass X, A and Y product lines
]nputg———ﬁJ production j——peach in a very large
system volume

Flexible mass production

The flexible mass production system features the manufacture of inter-
mediate parts which can be interchanged to produce a variety of products in
large quantity. Just as :“he end products ave standardized in rigid mass pro-
duction, the parts are standardized in flexible mass production in order to
make possible a wide diversity of product lines.
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An example of the lztter type of production is provided by the small-scale
firm that decided to manufacture a relatively limited range of office furni-
ture. Lt specialized in making table tops, and subcontracted the fabrication
of the legs. Each oi the several subcontractors involved supplied the firm
with one to three different types of leg, made of a variety of materials, in-
cluding chrome-plated steel. The firm then applied the legs, 1interchangeably,
to the small variety of table tops it prodized. The various combinations made
possible in this way yielded a highly diversified set of product offerings.
Other examples of flexible mass production are provided by small firms that
produce "completely knocked down" (CKD) furniture pieces for subsequent assem—
bly by subcontractors. Figure 5 is & schematic presentation of a flexible
mass production cystem.

Figure 5. Flexible mass production systen

Interchangeable

parts
Flexiblo mass Multiplie
Inputs ————+| production products
system in fairly
large
quantities

From other subcontractors

Application of this system requires an in-depth analysis of product lines
to determine the pactern and logic of the product diversity. This pattern,
once established, will facilitate the productiorn of the minimum number of
standard parts needed to generate the maximum number of finished products.
Although the flexible massproduction system has not gained wide acceptance by
the small-scale furniture manufacters in the developing countries, it can
provide 1 way in which relatively large fiims can complement the activities
of, rather than compete with, smaller firms.Z

The choice of production system

It will be clear from the foregoing that the production system chosen will
depend to a great extent upon the type, requirements and characteristics of
the markets aimed at, as well as the product mix, the processes involved, and
the firm's potential for expamsion. In making this decision, it must be borne
in mind that the systems discussed above can also be viewed as stages in the
evolution o. a typical small-scale furniture firm. Thus, as may be seer rrca
figure 6, the job order type involves a relatively low level of sophistication
compared with the flexible mass production type.

The checklist shown in figure 7 may be found useful in choosing a produc~
tion system or checking whether the system being employed is the appropriate
one.
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Figurc 7. Checklist for choosing a production system
Type of production system
R1gid mass Flexible mass
Parameters Job order production production
1. Type of Limited (local) Less limited Unlimited (local
market and foreign)
2. Customer Product variety in Volume ratber Volume and variety
needs small volume per orcger| than variety
3. Products/ Highly diversified. Limited number of Parts and combinat:on
production {Small volume product lines. of parts. Variety of
volume per order Large volume products in large
volume
4. Type of General purpose Combination of Highly specialized.
machinery general purpose Use of component
and and special machine
equipmen®
5. Time needed |Relatively short. Longer time.

to produce a
new product

Life cycle 1is

very short

Life cycle tends
to be longer

Very long time.
Relatively short
life cycle

6. Capital Low Medium to high High to very high
requirement

7. Break-even |Low High Very high
points

8. Materials None to low High Very high
inventory

9. Cost Qwnar-manager Part- to full-time

estimators

Cost estimating group

10. Type of Craftsmen and Machine operators Parts 5pecialists,3/
workers skilled workers subcontractor and
needed co-ordinators
11. Production | None to very limited Staff experienced in| Qualified staff,
sugport staff functions the analysis and including personnel
staff control of costs, to provide subconiractor
time, materials, assistance and
wastes etc. co-ordination
12. Major Production of an Manufacturing Assembly and orchestra-

concern of
production
manager

entire product
or job order

tion of various parts
by subcontractors

a/ Personnel who by training or experience (e.g. as machine operatorc) are able
to suggest which parts/components of a product can be economically manufactured by the
firm and which should be subcontracted out.
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The proper selection of a production system is a critical matter as sub-
sequent shifting from one system to another cam be very expensive as well as
tige consuming. A case in point is provided by a small-scale firm knowm to
the author which has started on a job-crder basis, catering to a local re-
gional market. This firm will require large infusions of capital, managerial
and technological know~how in order to be able to export furniture pieces to
its ultimate goal, the European markets. Eventually, the situation will call
for a "happy" compromise between the firm's short-term goals (limited market,
fast returns on investment, experience gained, know-how acquired etc.) and its
long-term goals (export wmerkets, rationalization of production facilities,
quantity and volume as opposed to product diversity etc.). The firm must
likewise consider: which product lines to specialize in; the initial capital-
ization required; the target markets and their characteristics; and the tech-
nology available to it.

Production management problems

Poorly-managed production is responsible for a number of problems that may
be catagorized in the following broad terms:

(a) Planning-related problems. These result from inadequate planning of
production requirements. Symptoms include persistent raw material inadequacy;
inability to deliver on time and in the right quantity and quality; failure to
meet customer specifications; prolonged use of obsolete and inefficient machi-
nery and equipment; lack of room for expansion; and inadequate working capital.

(b) Control-related problems. Lax or inadequate control in production
results in low volumes of manufacture and high rates in: quality rejection;
raw materials inventory; cost of production; pilferage; raw materials spoilage
and improper utilization; excessive energy use; machine and equipment break-
down etc.;

(c) Productivity~rciaced problems. Small-scale furniture manufacturing
in developing countries suffers from the inherent disadvantage of being
obliged to ~ater to limited, local markets; hence the use of uneconomic scales
of operaticn, the unierutilization of inputs, and the generation of sub-
optimal outputs. Productivity-related problems, some of which may be trace-
able to poor planning and control practices, include: inordinate dependance
on rapidly depleting indigenous raw materials; excessive labour costs;
relatively low yield per unit volume of sewr timber; low ratio of direct pro-
duction time to total time available for production; and low output per worke-
compared with that of other firms of similar size;

(d) Organization-related problems. Problems linked to the organi:
and direction of the enterprise, as well as to the integration of its acuiv~
ities, further complicate the already difficult role of the small-scale
furniture manufacturer, who is cften not only the general manager of tke
business, but its purchasing wmanager, overall supervisor, financial
comptroller, markering manager and treasurer. The demands of the production
function on the entrepreneur‘s time can be reduced or expanded, depending on
how well he orgunizes, directs, delegates and integrates all the limited
resources available to him. Comm~n complaints that indicate the presence of
such problems include: "I have 1> explain to all my workers how this job
should be done". Or: "My supervisors cannot concentrate on supervising
because they, in fact, are our most efficient workers". Or: "Too much time
is spent chasing around the plant facilities". Or: "I don't think my workers

understand my predicament";
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(e) Tecnnology—development-related problems. In order to ensure survival
and long~term viability, the small-~scale furniture manufacturer must be con-
cerned not only with productivity-related issues but also with new techno-
logical developments in software (management know-how) and hardware (new .ro-
cesses, machines and equipment) and the need to adapt to such developments. A
conciderable number of smail-scale manufacturers have started out using only
basic manufacturing krow-how with the hope of gaining more experience with
tire. That may not be a viable strategy for technoiogy development, however,
for although furniture manufacturing may be considered an "old” industry, much
new technological know-how is »eing evolved in the field. Examples include
new wood-priatitg and advanced gluing techniques, innovations in protective:

packaging, and the development of multiple spindle machines and low-cost auto-
mation.

A stated earlier, this manual is not intended to provide a cure-all for
these production-management-related problems. Rather, the 2im is to suggest
guidelines for avoiding or miniwizing the effects of the problems and to pro-
mote awareness of the options or solutions available to the small firm owner-
manager.27
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II. PLANT LOCATION AND LAYGUT
Plant location and layout represent two other decisiouns of strategic con-
cern to production management. Guidelines for arriving at the relevant deci-
sions are offe-ed in this chapter.

With regard to plant location, the following issues are dealt with:

(a) How important is the plant lecation decision to the small-scale
furniture manufacturer?

(b) What factors should be considered in determining the appropriate loc-
ation for the plant?

(c) How would the small-scale manufacturer choose between alternative
sites?

In discussing plant layout, the following issues are considered:

(a) What are the options insofar as layout is concerned?

(b) What type of layout should be adopted for small plants already in
existence or about to Lc set up?

The location decision

Determining where best to locate is a problem that owner-managers face
periodicully since products, processes, markets and even the sources of raw
materials change with the passage of time. A firm located in what was once a
desirable area may suddenly find itself cramped for space or forced to assume
high delivery costs because the markets or the suppliers of raw material have
moved. Since it is so costly to move or relccate, site selection must be a
long-term comm’tment, like the choice of production system. No locaticn can

guarantee permanent success, but certainly, some locations inhibit it. Any
decision regarding location should be based on a critical assessment of the
desirable and undesirable aspects of the various location alternatives.

Factors affectiggﬁthe location decision

The ideal location has been described as one where the unit costs cf manu-
facturing and distribution are at tue minimum and where prices and volume of
sales will generate maximum profit. The various factors, tangible and intan-
gible, quantifiable and unquantifiable, affecting the location decision are
illustrated in figure 8.

These factcrs in general affect the unit costs of manufacturing, and hence
have a bearing on the competitive position of the firm, as discussed belcw.

l. Proximity to sources of raw materials, The typical small-scale fur-
niture manifacturing firm tends to be materials-intensive, but, unlike its
larger ccunterparts, it does not have the wherewithal to sustain a logging
operation and primary sawmilling facilities. A site chosen for its proximity
to the basic source of raw materials ip time may be sorely affecced by the de-
forestation of the area, Similarly, a firm using prinary sawmills as its
source of sawnwood will be affected as deforestation forces the sawmills to
relocate. In such circumstances, raw material acquisition can suddeniy become
expensive,
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Figure 8. VLocation decision factors
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2. Proximity to market, This factor greatly affects the costs of distri-
buting che finished product. 1In developing countries, _he 'centre of gravity"
of che small-scalz rurniicre manufacturer's markets is constantly changing,
ard at = :ieiratively fast rate. Construction activities, on which tne market
for furniture pieces may hinge, tend to move from developed to underdeveloped
areas, from heavily urbanized to rural areas. 1In this case, the flexibility
allowed by tne firm's smallness may prove to be an advantage.

3. Transportation facilities. This factor has two mzjor components, i.e.
availability and costs. One advantage of small-scale industries in general is
the relative ease in locating them in the rural areas of developing coun-
tries. Initially, the question of tramsportation facilities may not pose a
problem, if the market coverage radius is small; it may become one, however,
as market coverage expands., The cost of transporting raw materials and fin-
ished products can greatly affect pricing schemes and hence the competitive-
ness of the firm in the long 1un,

4. Labour. Labour costs, which muy vary from place to place within a
country, are certainly an important factor in the location decision. As dis-
cussed earlier, the job-order type of production system tencs to be labour-
intensive, i.e. che labour component of the total production cost is rela-
tively high, hence the importance of this factor. Labour aspects that must be
taken into account include training costs, recruitment costs (in some areas
where the skills needed are not available, even the relocation costs of labour
must be considered), attitudes towards work, and working habits.

5. Power, fuel and utilities. The costs of these also usuaily vary
within a country. Related matters to be reckoned with are reliability, fre-
quency (in rural areas in some developing countries electricity is available
for an average of only & hours in the working day) and quality (the voltage of
electrical supply in rural areas can fluctuate by as muchk as + 30 per cent of
the rated values).

6. Waste disposal. This factor looks deceptively insignificant, but
small-scale furniture manufacturing operations can incur considerable expense
in managing (e.g. installing a dust collecting system) and disposing of wood
wastes. Present-day concern with the quality of the working environment and
pollution control also make this an important factor in site selection.

7. Land and zoning requirements. The availability, cost and quality of
land for plant cite is another major factor. Zoning legislation recently in-
trodvced in some developing countries must be reckoned with., A firm estab-
lishing itself ia what appears to be a good location for the nurposes of manu-
facturing may find itself in a residential zone after five years. Relocating
in this case will be very expensive.

8. Taxes and permits, The types and costs of the taxes, licences, and
permits needed to operate a small manufacturing oncern generally vary from
place to place within a country.

Y. Community size, The firm should be located within or very close to an
existing, suitably sized comaunity in order to keep the expense of providing
housing for the workers, transportation services etc. to a minimum,

10. Competition. One distinct 2nd negative characteristic of the small-
scale furaiture manufacturing firm in developing countries is the tendency to
locate in areas in which there is already too much competition for the local
markets. It should be remembered that while a certein amount of coupetition is
needed to sharpen managerial skills, an overdose may be detrimental to long-
term survival. Locating in an area that already has & surfeit of competition
means additional expenditure on promotional, advertising and other marketing-
related activities.
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il. Community faciiities. Tie [ucilities availagble within 2 given
munity must likewisc be considered. These include, in zddition to having
ilities for medical assistance (how far is the plant from the rearesr fi.st-
aid clinic), recreation, practice of religion, educatioun, aud entertainment.

12, Industrial estates. As a rule, the small-scale eatrepreaneur should
favour locating within or close to an industrial estate. An estate is com
posed of plots of land (constructicn sites) or ready-built factories equipped
with all necessary services and facilities. In the latter instance, the en-
trepreneur can settle in, hire staff on the spot, set up machines and start
commercial production. Location within an industrial estace hastens the
installation process and offers the added benefit of "linkiug" wirh other
manufacturing plants in the area. Policy-makers in many developing countries
are contemplating setting up specialized zones for their small-scale indus-
tries. With respect to the furniture manufacturing industry, the idea of
setting up "furniture villages'" is being examined in certain areas.

If a country or area has no industrial estates, the available infra-
structural facilities should be thoroughly iavestigated to ensure that they
are sufficent to support a furniture manufacturing operation. By this is
meant the availability of potential subcontcactors, small workshops for the
maintenance of equipment and tools, suppliers of hardware and other materials,
communication facilities (e.g. telex) and the like.

13. Future expansion plans. In iJeciding on plant location, allowance
should be made for fuiure expansicn.

14. Commuaity attitudes. These refer, in this instance, tc the predis-
position of a given community to a business undertaking, sometimes based on
traditional values or mores. This way be negative ("We don't want a coffin
manufacturing company here; it brings bad luck") or positive ("Your project is
just what we need in order to turn our waste material irto cash").

The aim of the small-scale furniture manufactivrer in selecting a plant
site should be to minimize the sum of all the costs involved within a specific
location, nct only for the immcdiate future but also for the long run. In
this respect, some of the factors listed above may be intangible aud difficult
to quantify objectively in terms of immediatz cost. They should, however,
influence future costs.

Checklist for deciding on plant location

A simple checklist arraying all the important factors applicable to each
alternative site can be an effective tool in deciding on plant location. The
following considerations should be kept foremost in mind,

(a) Exchanging one site for aannther, pernaps more appropriate, one. In
some case., tine entrepreneur iaay already own a piece of real estate, either
through inheritance or by direct purchase. It would be over-simplifying the
problem of plant location, however, if he were to set up a plant on this pro-
perty without exploring the possibility of selling or exchanging it for an-
other that might be wore appropriate to his long-term needs;

(b) Vertical expancion. It may also be possibie to remain in an exist-—
ing, but cramped, location and tc expand upwards, adding a second floor. As
discussed later in this chapter, under plant layout in the context of furni-
ture manufaccuring, this alternaitive may be & palliative rather than a reme-
dial measure, however.




(¢) Expanding subcontracting activities. (f a business is periodically
defined ir very specific terms, it will be observed jn time that it has accu-
n1'1red certair activities which are not really its concern. Instead of ex-
panding to lLcise rhes: additional, and meybe unnecessary, activities, it may
be worth considering reamalning in the present location, be it a trifle
cramped, and utiilizing the rud-contracting option.

(d) An entirely new location. This point is best illustrated by the case
of the small-scale furniture manufacturer who specialized in woodworking ope-
rations. He located his firm on a site owned by him, thinking that owning the
property would automatically lead to cheaper operating costs. In the mid-
1970s, he decided to take on the productiom of cane furniture, in spite of the
fact that he was locatzd a considerable distance from the port where the cane
materials were landed. Initially, this did not present much of & problem, but
as the volume of production increased and fuel costs rose he was obliged to
look for a more appropriate site. To avoid such a situation, the factors
affecting plant location must be considered in their totality, using a check-
list such as the one presented it figure 9.

In figure 9, the factors involved in the plant-location decision have been
subdivided into quantifiable (where numerical data can be obtained to sub-
stan~iate the decision-making process) and non-quantifiable (where subjective
approaches are needed to arrive at a decision) faztors. The former, for con-
venience, have been divided into two components: fixed capital requirements
and unit production costs. The user should make his own assumptions in esti-
mating the items involved in the w.nit production costs. In dealing with the
aon-quancifiable factors, the following subjective criteria may be used to
rate the desirability of a location: A = Excellent; B = Very satisfactory; C
= Satisfactory; D = Fair; E = Poor; and F = Very poor. It should be noted
that sometimes just one critericn — even a minor ome - may outweigh all
others, depending upon the degree of specialization of the firm (in terms of
products, markets and raw materials), and the manufacturer's viewpoint.

Criteria for effective plant layout

As soon as it has been decided where to locate the plant, the next impor-—
tant task is to arrange its facilities. This entails the provision and plan-
ning of working space for machinery, other equipment, production and other
personnel, support services, and storage. Activity aimed at attaining the
most efficient and economical physical arrangement of the plant is known as
plant layout. A good plant layout:

- Provides the most advantageous and economical work flow.

- Reduces materials movement to a minimum,

- Utilizes all available space effectively.

- Is flexible and allows room for adjustment.

— Reduces delays and work stoppages.

- Facilitates the maintenance and repair of machinery and equipment.
- Makes for improved control and supervision within the shop.

- Maximizes the job satisfaction and safety of the workeis.

An example of the .onsequences of poor layout is provided by the small-
scale furniture manufacturer who set up a plant to manufacture cheap, low-
quality household furniture and later diversified to include the intermittent
production of doors, jambs, cabinets and similar articles. In so diversi-
fying, he forgot to make the necessary physical adjustments to his production
facilities. It took two small-industry extension officers to diagnose the
cause of his persistert low productivity.
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9. Plant location checklist
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An appropriate plant layout can contribute significantly to enhancing
productivity and reducing unit production costs. This is because the physical
avrangement of the manufacturing facilities wil] determine the movement of
materials, semi-manufactured products etc. inside the firm. It must be remem—
bered that such movement only adds cost without improving the value of the
product. Hence, materials back-tracking must te minimized if not totally
eliminated.

Plant layout development ia small-scale furniture wmanufacturing firms in
developing countries is at what may be considered the evolutionary stage, per-
haps because of the limited start-up capital available in most cases. The
owner-manager will initially, as a rule, purchase a band saw as his basic
piece of machinery and start producing saleable products. At a later stage,
say after two years, he may add another type of machine - e.g. for stock pre-
paration - and so on. The resulting layout, therefore, is not systematically
planned but evolves depending on the circumstances of the firm. This practice
usually ieads to problems related to lew productivity and high ma.ufacturing
costs and therety eliminates the distinct low-overhead advantage of the small-
scale operation.

Types of layout

Layouts for small-scale furniture manufacturing operations are basically
of two types: process and product.

Process layout. In a process layout, all machines and equipment perform-
ing similar tasks or used for similai processes are grouped together in one
area or department. A firm employing it may, for example, lay out all stock
preparation equipment in one area and all assembly equipment in another.
Firms using the intermittent type of manufacturing operation usually favour
this layout. As a rule, it is chosen where a great many products share the
same machines or where a product is being manufactured in relatively low
volume, Moreover, when a standard product is not being produced in large
quaatity, process layout is usually more dzsirable because of the flexibility
it allows. Figure 10 iliustrates a process layout.

In intermittent production, process layout offers a number of advantages.
These include reduced capital investment (because there is less duplication
and maximum utilization of machines and equipment); greater flexibility in
terms of tasks performed; more continuity in manufacturing activity, even when
a machine breaks down; and generally - for small firms producing several pro-
ducts in relatively small quantities - lower production costs.

Process layout, however, also has the following drawbacks: difficulties 1in
scheduling, routing and controlling manufacture (since almost limitless com~
binations of sequences can be used in processing similar items); high mater-
ials handling costs; and problems of co-ordination and controi resulting from
the wide range of variations in manufacturing.

Product layout. This type of layout 1is not often found in emall~scale
furniture manufacturing operations in developing countries. According to thig
layout, all the machines and equipment needed to make a specified product are
set out in the same area and in the sequence employed in the manufacturing
process. It is used mainly by firms having a high demand for products that
are more or less standardized., It is very useful therefc in firms using the
cortinuous type production system. Figure 11 shows a proa :t layout in a fivm
producing flush doors and door jambs.
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Figure 10. Process layout
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Figure 11. Product layout
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Product layout makes automation and mechanization more feasible; encour-
ages labour specializatioa; eliminates product routing problems; makes labour
and material fiow more easily controllable; reduces the need for area inspec-
tion (because machines perform distinct operations); permits better utiliza-
tion of floor space; and makes for fewer materials handling protlems.

On the other hand, it has the following disadvantages:. it 1is relatively
inflexible; it is economically feasible only when manufacturing in extremely
large quantities; it is useful only for a given product where the balancing of
production limes is possible; it may be costly for products that are suscept-
ible to changes in trend, technology and preferences (because of the need to
modify and replace special-purpose equipment); and it requires higher capital
investment (because of the machinery duplication involved and the high cost of
special-purpose equipment).

There are two variations of the product layout, namely: fixed layout and
group layout. In the former, the raw material remains in the same positioa
throughout the processing, the machines and equipment being moved into place
beside it, This type of layout is used when the product under manufacture is
bulky and heavy or when only a few units are being made at a time. Wooden
carvings, statues or boats are some products for which this type of layout is
used. Group layout has only recently been introduced, as a result of increas-
ing concern with the working environment. In 2his layout, ail personnel en-
gaged on a given product or part of a product are grouped together as a team
and provided with 2all the machinery and equipment needed to complete the work.
The workers are encouraged to divide and distribute the work among themselves
and to interchange jobs to the extent possible.

Concepts in improving plant layout

Whatever layout is adopted, the objective should be to ensure that every
square centimetre of the plant generates profit. To attain this end, the fol-
lowing may be useful:

L. Concept of shortest travel distance. The building housing the manu-
facturing operation should be on one level only. Partitions or walls between
sections should be avoided (with the except.on of the sanding, finishing and
varnishing sections}. Likewise, pillars, posts and corners should be avoided
whenever possible. This facilitates the unhindered transport of timber and
other materials from one procres to another.

7. Concept of three-dimernsional space. Maximum economy is obtained when
al, avaiiable space is effectively utilized, vertically as well as horizon-
tally.

3. Concept of one-way flow. The best layout is one in which working
areas are arranged in the following sequence: stock preparation; parts pro-
cessing; parts assembly; finishing; and packaging of finished products.

4. Concept of satisfaction and safety. The best layout is one that
allows for future expansion or the rearrangement of manufacturinrg facilities
with a view to accident prevention, at the lowest cost and with the least
inconvenience.

5. Concept of total integration. The best layout is achieved when man-
power, materials, semi-manufactured products, machines, and other diverse
elements are so integrated that they form a well-arranged and functional whole,
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Cueckiisi fot ideuiiiyiug piaui layoui probiems

The simple checklist given below may be found useful in evaluating an
existing plant layout or preparing a new one,

Materials handling

l. Are tool cribs located in such a way as to save time in exchanging
tools?

2, Are materials, jigs, fixtures, patterns etc. easily accessible?

3. Can materials handling cope with the entire range of sizes of timber
for new job orders?

4. Do new materials or parts purchased for a new job order require spe-
cial storage facilities?

5. Can materials handling be further improved?

6. 1Is storage space for inflammable finishing materials properly con-
structed?

7. Have ramps been installed to facilitate movement of materials?
8. Are door clearances adequate for manpower and materials movement?

9. Can pallets be used to facilitate movement of materials, semi-mamvfac—
tures, parts, finished goods etc. from one work station to another?

10, Are concrete floors in suitable condition to accommodate the use of
pallet transporters? (I.e., are they clear of cracks and other defects?)

Maintenance
1. 1Is the space around each machine sufficiert to permit storage of com~
ponents on pallets before and after machining and still leave room for the

proper operation of the machine, fully extended?

2, Are machines and equipment installed with a +_ew to facilitating main-
tenance, repair and servicing?

3. Are power connections easily identifiable?
4. Are measures being taken to deal with such "house-keeping' problems as
accumulation of dust and wood chips; ineffective storage of semi-finished pro-

ducts; or difficulty of access to certain floor areas?

5. Are all power, lighting, pneumatic ventilating (especially in the fin-
ishing area) and other service controls accessible?

Personnel facilities

1. Are lavatories, locker rooms, washrooms and drinking facilities ade-
quate and centrally located?
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2. Is the plant properly painted (i.e. relaxing to the eyes of the work-
ers)?

3. Are lighting and ventilation sufficient to allow employees to work in
comfort?

4. Are the fumes of the finishing department and the sawdust in the stock
preparation and sanding areas properly contained?

5. Do the dimensious of the aisles conform tc safety regulations?
6. Are entrances and exits properly located?
7. Does machine travel extend into the aisles?

8. Does the width of the aisles permit two-way traffic of personnel?

Production control

1. Will current production volume meat sales targets?

2. Is there enough space around the machines to permit loading and un-
loading of raw materials and semi-manufactured products?

3. Are stock rooms of adequate size?

4, Are inspection booths and stations located where thay will be most ef-
fective?

5. tCan inspectors carry out their tasks without feeling cramped or con-
strained?

6. Will major design changes seriously affect production operations?

7. 1Is the concept of production flexibility being given proper consid-
eration?

8. Are all personnel concerned co-operating in whatever efforts are being
undertaken to improve the plant layocat?

9. If a new layout is envisaged, have all the costs been properly esti-
mated?
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III. MATERIALS MANAGEMENT AND INVENIUKY CUNIKOL

Materials management problems

The typical small-scale furniture manufacturing firm in a developing
country is usually plagued by a multitude of problems related to materials
management and inventory control. These affect not only the main areas of
production management, but ocher areas as well, and sometimes threater the
very survival of the firm. The problem of unavailability of raw materials can
be compounded by coo wmuch dependence on traditional raw materials. In
addition, research in developinrg countries on possible substitutes for tra-
ditional vaw materials for furfurniture manufacturing has been relatively
slow, as has been consumer response to such substitutes. One area that the
small manufacturers in developing countries often overlook, however, is the
possibility of collective action to promnte acceptance of non-traditional
materials.

Furthermore, furniture manufactured by small firms tends to be too mat-
erial-intensive - rather than labour-intensive. The average small firm in a
developing country can attribute 40 to 60 per cent of its total production
costs to raw materials, whereas the relatively low cost of the labour avail-
able to it is an advantage that it can use in its favour when competing in the
wvorld markets.

Another important area of concern is raw materials inventory control. The
small-scale furniture manufacturer as a rule stores either too little or too
much raw material. 7Too little raw material in stock results in unnecessary
work stoppage and expensive delays in delivery. On the other hand,
over-stocking of raw material leads to an unnecessary drain on wcrking capital
and if done on a large scale may push prices upwards.

Scope of materials management

This particular area of production management involves managing the acqui-
sition, utilization, movement, handling and distribution of various inputs to
the manufacturing operation. These include: raw-materials, work in process,
semi-finished goods, offcuts and waste, finished products, auxiliarv mater-
ials, tools, jigs, fixtures, and full-scale patterns.

Materials management also covers production planning and scheduling; pur-
chasing; materials handling; warehousing and storage; and inventory control.
It normaliy begins with the production planning stage of the operation, where
materials are generally specified in terms of quality, quantity, time needed
to finish etc., depending on the design of the product and the job orders in
hand. Here, materials management rnsures that materials will be available for
processing when they are needed, as specified in the job order or production
plans. (The mechanics of production planning and scheduling are discussed in
chapter VIII below.)

Materials procurement, which should allow some "lead time" (the interval
between the time the material is ordered and the time it is received by the
firm), is the responsibility of the purchasing unit. This unit locates sour-
ces, negotiates prices and arranges for deliveries.

As soon as the materials have been received and inspected at the firm, the
materials handling unit takes over and sees to it that they are trausferved

from one work station to another in the most expeditious way.




Figure 12. Scope of materials management
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rials management responsible for providing

Warehousing 1s thai pait of wmateria
in-process goods and finished goods, as well

space for incoming raw materials,
as the drying area.

Inventory control monitors the financial investment tied up in stocks of
raw materials. Figure 12 is a schematic presentation of the scope cf mater-
ials management.

In many small-scale furniture manufacturing firms, all these materials
management functions are performed single-handedly by the owner-manager, in
addition to his other day-to-day tasks. The concern of materials management,
in brief, is to fulfill the firm's needs for materials in the most ecomomic
manner, balancing all the factors involved, in order to obtain the most effec-
tive results. This includes the judicious purchase of the required materials;
handling and accounting for them through temporary and final storage; and
planning their movements through drying, stock preparation, assembling,
finishing, packaging, warehousing and distribution.

Symptoms of poor materials management

Small~scale furniture manufacturing firms often experience problems
resulting from poor or diffused control of the raw material imput to the
production operation. Some of these problems, which demand materials
management-related solutions, are:

- Pilferage and other inventory losses;

- Failure to account for materials lost through the kiln or air
drying of sawn timber;

- High materials cost relative to total production costs;
- Under-utilization of machinery and equipment;

- Considerable losses in direct labour time;

- Frequent delays in delivery;

~ Too high an inventory of raw materials, semi-manufactures and
finished products;

~ Frequent running out of fast-moving stock;
~ High obsolescence rates of basic raw materials;

- Congestion in manufacturing areas.

The purchasing function in materials management

The purchasing unit is responsible for buying the raw materials required.
Specifically, it attempts to provide the firm with the required raw materials
in the right quantity and quality, at the right time and price, and from the
right source. In a typical small-scale furniture manufacturing firm, pur-
chasing can function in a close-loop manner, as shown in figure 13, It in-
volves the following phases: (1) Requisition from using department; (2)
Selection of suppliers; (3) Issuance of orders; (4) Receipt of materials from
suppliers; (5) Checking of suppliers' iav ices; (6) Quality inspection of
materials; (7) Issuing the materials to using department.




Figure 13. Basic purchase cycle
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Figure 14. Fuims used in the purchase cycle
A. Materials requisition form
Name of firm
Quantity Unit Description Unit cost Total cost

L———— — 4——“/

1
Remarks
Authorized signatures Approved for production Materials
Dates received by:
Sales
Designer Dace
Shop Approved for delivery _
Production Date
manager Date i
i
a
B. Purchase order—/
Name of firm Requisition No.
Purchase Order No.
To: Date of 1issue:
Date of delivery:
Terms:

Please deliver the following items according to the specifications detailed

below:
Item Unit Total
No. | Quantity ] Units Particulars price amount Other

&_‘_; —\-K

IMPORTANT: Always indicate our P.0O. Number in your invoice covering
shipments and attach this purchase order to your bill
covering this order to facilitate payment.

a/ The conditions of purchase, normally stipulatcd by the
ordering firm, are usua2)lly placed on the back of the purchase order
form. In some instances, other conditions (price escalation clauses
etc.) may be included.
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C. Stock card/materials ledger card

Name of firm

Unit:
Stock No. Description: Acct. No.
RECEIVED I SSUED BALANCE
P.0O. Unit Req. Job Unit Unit

Date | No. |Qty.| cost |Amount|{No. | Date|No. | Qty.|cost |Amount|Qty.| cost{Amount

_—_—JL_.—J“"'L——_—— T

D. Finished products delivery receipt

Delivered to:

Name of firm

Delivery receipt

D.R. No. .
Date
Quantity Description Unit price amount
P‘--.-___q e e—— ‘__"_‘*—--\\\\
Prepared by: Delivered by: Received the above
items in good order
Date and condition:
Checked by: Date
Signature
Date Date
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The basic purchasing cycle can be implemented in a small firm using cer-
tain torms for documeuntaiion and information processing. Normally, a depart-
ment within the firm will indicate its supply needs in a stock requisition
form or a purchase requisition form. The former is used for requisitioning
materials that are in stock (i.e. when materials are regularly ordered and
maintained in inventory). This form goes direct to the stores department and
the requirements are met from there. The purchase requisition form (sometimes
referred to as a non-stock requis tion form) is used for obtaining materials
that are not kept in stock (materials that are used only infrequeatly). This
form generally calls for amore detailed specifications of the materials needed.
On the basis of these specifications, the stores department lccates the ap-
propriate suppliers and issues the necessary purchase orders.

Some of the forms used in the purchasing cycle are shown in figure 14,
The purchase order (B) is the form used by the firm to specify to a potential
supplier the raw materials needed. This is the interface between the sup-
pliers and the firm. The stock card or materials ledger card (C) is used te
monitor all transactions concerning specific materials in stock. The delivery
receipt (D) is used to acknowledge receipt of tne finished product.

The purchasing function must assure a continuous flow of raw materials
from the right suuzce. This is best achieved by keeping the following factors
in mind when purchasing: (a) commercial availabili., of the material; (b)
quantity requirements over a certain period of production time; (c) financial
resources available; (d) space available (if materials are bulky); (e) the
time factor involved; and (f) the type of the purchase, i.e. if it is a one-
item or multiple-item purchase (one time purchase of a number of items from a
single supplier).

Inventory control systems

The other important aspect of materials management is the control or regu-
lation of the financial resources tied up in stocks of raw materials. This
control, if properly applied, will help to regulate investments in raw mater-
ials while assuring that there 1s an optimum level of materials in stock for
the effective implementation of production plans or meeting requirements for
job orders on hand.

In the small-scale furniture manufacturing firm, the term inventory nor-
mally refers to those articles and supplies described below.

Raw materials. These undergo processing or reprocessing in order to be-
come a '"part" of the product In a firm manufacturing reproductions of an-
tique wooden cabinets and chests, for example, the raw materials would include
plywood and sawnwood, varnish, sealers and packaging materials.

Purchased parts. These are procured to be a part of the product and do
not require any form of reprocessing (e.g. hardware). The purchased parts
inventory tends to be high in firms using the services of several sub-
contractors. As in the case of raw materials, purchased parts should also
have a functional classification while in inventory.

Operating supplies. Sanding elements, oil and lubricants are examples of

operating supplies. They are used indirectly in the .rocessing of finished

products, but are not seen in the finished product.

Tools. Jigs, fixtures, tool bits, patterns and full-sized models are
examples of the tools needed to keep the machinery and equipment of the com-
pany in good operating condittion.
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Office equipment and supplies. These are needed for the efficient day-to-
day administration of the firm.

Firished goods. The firm's products awaiting sale or delivery.

Parts of work-in-process. These include fabricated, sub-assembled or
semi-manufactured parts 1n various stages of processing.

If it is to regulate investment in inventory, the purchasing arm of the
fim should be guided by some form of inventoury pclicy. This policy will nor-
mally relate to the wsy in which the firm responds to the €following basic
issues of inventory management:

(a) In terms of control, which items of the firm's inventory should the
owner—manager concentrate on?

(b) What quantity of raw material "X" should be bought at the most
economic prices?

(c) Assuming that the second question has been successfully dealt with,
when should the first purcuase of "X" be made...The second purchase, and so on?

These questions assume particular importance if the firm is approaching or
has already attained the stage of rigid mass production. As discussed 1in
chapter I, the small firms engaged in purely intermittent or job—order pro-
duction need not maintain the high volume of inventory that is essential in
rigid mass production. In an intermittent operation, the normal practice is
to purchase the necessary raw materials when the job orders are on hand.
Thus, only a relatively simple inventory control system is required. 1In light
of this, the first basic issue (a) can be examined, using what may be termed
"the ABC classification of materials".

First basic issue: classification

The ABC classification will help the owner-manager determine which are the
few vital materials in his inventory that require his personal attention and
which are the non-vital ones the control of which can be delegated to a trust-
ed employee. Here, the use of the Pareto Principle is imperative. Vilfredo
Pareto, an Italian economist, while studying welfare economics, postulated
that in most cases, 20 per cent (the vital few) of the inputs tended to create
80 per cent of the outputs.é

In inventory management, this 20-80 principle can be applied to the ABC
classification by answering the question: Which 20 per cen* of all the raw
materials carried in inventory absorb 80 per cent of the total investment in
inventory? The mechanics of constructing an ABC classification are as follows:

1, A list is prepared of all raw materials in stock, with their cor-
responding use rates (volume required per unit time) and unit costs.

2. The total investment for each type of raw material is calculated by
multiplying use rates by unit costs.

3. The percentage of the total investment represented by each type of raw
material is computed.

4. The original list of materials is reartanged, in descending order of
the materials' percentages of total investments,
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5. Tue perceniages in the 1ist are cummulatively sdded until 2 sum of ot
least 80 per cent is reached. At this point, all the raw materials classified
as absorbing 80 per cent of the total investment in inventory can be termed
"A" items, meaning items with high use rates (fast moving or high volume) and
high unit costs (high values).

6. Cumulation is continued until 95 per cent of the raw material invest-
ment has been attained. All raw materials within this category, excluding the
80 per cent "A" items, are referred to as "B" items. These tend to have
medium use rates and unit costs.

7. The raw materials accounting for the remaining > per ceat are rererred
to as "C" items. They tend to have low use rates and unit costs.

The following simple example may facilitate application of the ABC clas-
sification.

The Tropical Furniture Company is a hypothetical small-scale firm in a
developing country manufacturing "antique" chests and cabinets. The raw
materials it has been using since its inception include: wood, hardware,
decorative materials (bone, semi-precious stones etc.), varnish, chemicals and
packing. The wife of the owner-manager acted as materials manager for all
types of material except wood. She also doubled as the firm's treasurer, pay-
master, and chief clerk. One day, however, she complained that the management
of the firm's hardware materials had become too taxing for her. Since the
firm began to export products to the Middle East, some six months previously,
the volume of hardware-related work had increcased considerably. The owner-
manager was in favour of hiring an additional stock clerk for the task, but
his wife worried about delegating control of the hardware materials since they
constituted approximately 25 per cent of all the materials in inventory.

A small~business consultant (industrial extension officer) called in to
advise on the situation suggested use of the ABC classification to work out a
step-by-step process for delegating control of the hardware materials. To-
gether with the wife of the owner-manager, the consultant, using the form
shown in figure 15, drew up a list of the 36 different hardware items in
inventory. To this listing they applied steps 1-3 of the ABC classification
process, as outlined above. They proceeded by rearranging the materials
(first column) using the ranking obtained (last column) in descending order of
magnitude. This led to the classification format shown in figure 16 which
permitted the consultant and the wife of the owner to apply steps 4-7 above.

The ABC classification showed that only 7 of the total invertory of 36
hardware items accounted for 80 per cent of the total investment in hardware
materials. These 7 items of hardware (Lazy Susans; catches; ball coasters;
5~in. strap hinges; 2x12 woodscrews; brass padlocks; and imported brass rods)
were then classified as "A" items because even though they had relatively low
usage rates their unit costs were generally high. The owner's wife decided
that she wou.d delegate these items last of all to a stock clerk. Of the
remaining items, 13 could be classified as "B'", and the other 16, which ac-
counted for only 5 per cent of the total hardware investment, were classified
as "C". The wife decided that these latte:r, which tended to have high usage
rates but very low per unit costs, would be delegated first to the stock
clerk. She also discovered, to her amazement, that some of the items she had
intuitively worried about in the past were really only "C" items and need not
have bothered her at all.




Figurc 15.
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Listing raw materials for ABC classification

Description of |Estimated usage | Unit | Total| Percentage | Ranking (based on
materialsa/ rates/month cost | cost of total | Percentage of total)
;———~’J_—‘——_A
L -

a/ Materials are not listed in any particular order, except, perhaps
by their nature (e.g. screws, hinges, sanding materials).

Figure 16.

Raw materials listing rearranged for ABC classification

Rearranged raw| Percentage of Cumulative Classification —7
Rank material total, in sum of of materials using
listing descending order percentage the ABC rule
[




"
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Thus, the ABC classification helps %o focus attention on inventory that
really matters. It should be periodically updated, however, to keep abreast
of the ever-changing times. In the example given above, the classification
system was -employed for only one set of materials, i.e. hardware materials.
In the case of very small fi:rms, all items, rather than segments, should
perhaps be considered.

Second basic 1ssue: the economic order

Following the orderly classification of raw materials, the second question
arises: How much of raw material "X" should be purchased as economically as
possible?

To answer this question, it is necessary to analyse the costs of various
items, then the degree to which they can be controlled. 1In general, the costs
involved in the purchasing transaction cover the price of material; procure-
ment costs; and inventory carrying costs. (See figure 17).

The price of materials may be set aside for the moment as, in general,
small-scale furniture manufacturing firms have 1little influence over the
prices of their basic materials, owing to their relatively low consumption
rates. Of first concern are purchasing costs that are inteinal to the firm.
Figure 18 shows the behaviour of procurement and inventory carrying costs for
varying levels of material quality. As may be seen, procurement costs per
order tend to decrease as the volume of materials per order increases. The
inventory carrying costs, on the other hand, tends to ircrease with the
quantity of materials purchased. If the inventory carrying costs and the pro-
curemen: costs at varying quantity levels are added, a "total incremental pur-
chase cost"” curve can be developed. This total cost does not include the
price paid for raw materials. The lowest point in the curve represents the
econon.ic ordering cost (EOC) and the economic ordering quantity (E0Q). It may
be observed that if less than the EOQ is ordered, the tntal incremen:al costs
are relatively high, while if more than the EOQ 1is ordered, the costs are
likewise high. This observation is useful to the small-sccle furniture manu-
facturer as it provides him with a guide to determining economic .evels of
materials inventory. It can also be discerned that processing frequent orders
and carrying excessive inventory are expensive.

Determining an economic order quantity for specific raw materials main-
tained in inventory can be accomplished vy means of (a) a tabular method; or
(b) a formula method. Application of these methods is best illustrated by a
return to the hypothetical Tropical Furniture Manufacturing Company.

The wife of the owner-manager, in her role as materials manager, wanted to
know how many pairs of 3-in. hirges she should purchase in order to attain
cost economy. Her records told her that >n average the firm required 10,000
pairs per year. With the aid of the extension officer and the firm's part-
time accountant, she was able to establish that for every puichase (N) of this
item the firm spent IC 20,00 ("International Currency"), irrespactive of the
volume ordered, and IC 0.20 per unit of material nrdered in carrying costs.

Thus, the annual material requirement (A) is 10,000 units. The procure-
ment cost (P) is IC 20,00 per crder. And the inveantory carrying cost (C) is
IC 0.20 per unit. The problem is first tackled using the tabular method.

Tabular method. This features a trial-and-error approach to determining
economic order quantities., In the present example, the task is to determine
the number of times the firm should order the materials, at the lowest cost,
after inventory carrying and procurement costs have been considered. Here,
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Costs involved in materials purchasing

Units of
Type of cost{ Characteristid Controllability| measurement | Examples
Price External to Uncontrollable | Monetary -
the firm where small
firms are
concerned
Procurement { Fixed costs Controllable Monetary Requisi*® - on costs
cost per order unit per Analysis and selec-
(internal) order of tion of orders
material Preparation of pur-
chase orders
Receiving of
materials ordered
Updating inventory
records
Inspecting materials
Other paperwork
Inventory Variable costsjControllable Monetary Taxes paid for
carrying per unit unit per materials ordered
costs (interral) piece of Interest expense
material Obsolescence
Deterioration
Shrinkage
Insurance

Shipping costs
Handling

-
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18. Procurement, inventory carrying and total
incremental purchase costs
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Economic ordering

quantity QUANTITY

a/ The sum of inventory carrying costs and
procurement costs for orders of various ordering
quantities.
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the tabular method proves to be a laborious exercise, however, as there are
actually 10,000 options to choose from. One option is to order the 10,000

units required in one year one at a time, hence the number of ordering times
(N) per year would be 10,000. The 10,000 units required for the entire year

could be ordered only once, in which case N would equal 1. Each of these
options have consequences in terms of purchasing costs.

This example of the tabular method may be further simplified by limiting
the N options to only seven, i.e. order the annual requirement: (1) 20 times;
(2) 15 times; (3) 10 times; (4) 5 times; (5) 3 times; (6) twice; and (7) once.
Figure 19 shows the economic order quantities achieved by applying the tabular
method to these options. The following notes are made concerning thke figure:

Column A - This represents the firm's annual requirement of hinges -
i.e. 10,000 pairs for any optiom considered.

Column N - This represents the ordering options considered. In prac-
tice, as many trials as possible should be carried out.
These may range from N=1 to N=A, In the example ziven, the
process has been simplified by assuming only seven options.

Column Q=A/N - This column indicates the quantity of hinges to be pur-
chased per order.

Column PxN - This 1s the total procurement cost column. The procurement
cost P=IC 20.00 does not vary with the number of orders. It
will be cbserved, however, that the total procurement cost
(P x N) tends to decrease as the quantity (Q=A/N) increases.

Column CxQ/2 - This is the column that defines the total cost of carrying
the inventory. The values of CxQ/2 increase as the quanti-
ties per order increase. (This is further illustrated in
figure 20.)

Column T1C - This column shows the total incremental cost, which 1is
equal to the sum of the total procurement cost (PxN) and
the total cost of carrying the inventory (CxQ/2). It
serves as a gauge in determining the minimum unit purchase
cost, after all other costs have been considered. The low-

est figure determines the most economic order quantity
(EOQ) and frequency (N).

Figure 15. Determining economic order quantities using the tabular method

A
A N|Q = /N P xN Q/2 C x Q/2 T I C |Remarks

10,000 | 20 500.00 400.00 250.00 50.00 450.00

10,000 | 15 666.60 300.00 333.30 66.66 366.66 L.
- et SEE LTl Galal et e trmrm———— - ——————— fr————— - Determining
:10,000 10 1,000.00 200.00 500.00 100.00 300.00 closer
510,000 5 2,000.00 100.00 § 1,000.00 200.00 300.00 aproximate
[ Sy SEpR S AR R SR R T e minimum values

10,000 3 3,333.30 60.00 ] 1,666.60 333.33 393.33

10,000 2 5,000.00 40.00 | 2,500.00 500.00 540.00

10,000 1 110,000.00 20.00 | 5,000.00 1,000,00 | 1,020.00

Note: Columns P x N, € x Q/2 and TIC are all expressed in International
Currency (IC).
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Figure 20. Behaviour of inventory carrying cost and
inventory carrying period

Cost
Q
Q/2 &~ Average
0
0 P/2 P
Period

Thus, in this particular example the economic order quantity lies between
1,000 and 2,000 units, the minimum being 1,430 units as the incremental cost
of purchasing will be found to be at its minimum (IC 283.,00) if the item is
ordered 7 times per year,

Formula methuld. This is another simple and direct way of determining the
economic order quantity {(FOQ). The first step is to establish the relation-
ship bztween the procurement costs and the inventory carrying costs at the
economic order level. This relationship is depicted in figure 19, which shows
that at the EOQ level the values of the two costs are equal. Hence, the
relationship:

Procurement cost = Inventory carrying cost Eq. 1

Using the definition of the procurement and inventory carrying
costs given in the tabular method, equation 1 can be rewritten as:

Px N=CxQ/2 Eq. 2

But the value of Q is A/N; substituting this value for Q in equation 2,
will yield the following:

PxN=C¢Cx A/2N Eq. 3

The ordering frequency (N) is:

N =‘/CA/2P Eq. 4




ine economic order yuaniiiy Can now S&

Q = A/N.

These equations may now be applied to the preblem on hand, wherein it 1is
known that:

A = 10,000 units
P = IC 20,00 per order
C = IC 0.20 per urit ordered

By substituting these values in equation 4, the value of N will be found
to be

N = /10,060 x 0.20/(2 x 20) = /50 = ¥

Thus, the economic order quantity is fourd to be: 10,000 7 = 1,429
units per order.

Before leaving the hypothetical Tropical Furniture Company, one further
extension of the above argumernts is worth considering. In this instance a
hardware supplier has offered tc¢ sell the required hinges at IC 8.90 if the
firm agrees to buy 1,600 units per purchase - as opposed to the IC 10.00 in
the case of 1,429 units per purchase (the firm's EUQ level). Should the fimm
take this discounted price? The estimates of the relevant costs are outlined
below:

Option 1. Buy at the ECQ level = 1,429 units per purchase.

Amount (IC)

Total purchase cost at IC 10.00/unit 14,290.00
Procurement cost per order 20.00
Inventory carrying cost (IC 0.20/unit) 285.80
Total 14,595.80
Option 2. Buy at the discounted price. Discounted volume = 1,600 units per
purchase
Amount (IC)
Total purchase cost at IC 8.90/unit 14,240.00
Procurement cost per order 20.00
Inventory carrying cost (IC 0,20/unit) 320.00
Total 14,580.00

It is clear from the above that in the short run Tropical Furniture would
benefit from the transaction. This case¢ has been highly simplified, all cost
items involved in procurement and inventory carrying having been assumed as
being almost constant. In most cases, however, some cost items change with
respect to the quantities ordered.




it will be observed from the foregoing
and more direct than the tabular method. It should be borne in mind, however,

that the twvo methods a- 2 at best guidelines and should never be used as a sub-
stitute for experience.

Third basic issue: re-ordering

The questions of inventory classification and economic ordering having
been dealt with, the final hasic issue in inventory management concerns calcu-
lating the points at which to re-order. There are four principal factors in-
volved in making this calculation:

1. Maximum inventory level. This is practically the equivalent to the
economic order quantity, except that the minimum stock level is added
to the economic order quantity.

2. Minimum inventory level. This is the reserve stock level. In gen-
eral, this should be kept to the minimum,

3. Usage rate line. This is the average amount of materials consumed by
the firm over a given period of time. For the purpose of the example
given below, the usage rate is taken as constant, although in reality
this is seldom the case.

4. Procurement lead time. This is the time involved in purchasing mater-
ials and parts - from the signing of the requisition slip to delivery
into the firm's stockroom.

Figure 21 shows how the interrelationship of these factors influences
the determination of re-order points. The first step in fixing these poiats
is to estimate the usage rate of the materials. The usage rate line can be
determined as follows:

Usage rate = Maximum inventory level - Minimum inventory level
Number of days needed to consume stock

Then, the re-order point is calculated, using the relationship shown below:

Re-order point = (Usage rate x Procurement lead time)
+ Minimum inventory level

In practice, there are many variations to the concepts of economic orders
and re-order points, two of which are:

- The two-bin system. The manufacturer procures raw materials in ade-
quate quantities and stocks them in two-bin containers. When one bin
has been emptied, it is time to re-order. The decision how much to buy
and what volume bin to use may be based on the manufacturer's experi-
ence in the trade or on some form of estimate.

- The dollar-limit system. Another version of the two-bin system, this
features the dollar value of the available raw materials as the pur-
chasing indicator. A variation on this would be to use a quantitative
instead of a monetary limit, as is common in the inventory control of
wood materials in medium-sized firms.




- k5 -

Figure 21. Four factors in determining reorder points

Quantity T
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Designing an effective inveatory control system

Proper inventory control calls for the following steps to be taken:

(a) The performance of the existing stock monitoring system should be
reviewed. This system should show at a glance what raw materials are in stock
and the extent to which they will cover future production. In all situations
involving raw materials purchasing, it is vital to know what is on hand., The

stock monitoring system can best be reviewed by focusing on keeping the in-
formation contained in the stock cards accurate and up-to-date.

(b) A functional materials classification system should be established.
This will tacilitate sorting all the raw materials in stock:

- By type. (Wood, hardware etc.)
-~ By movement. (Fast or slow moving, based on usage rates.)

- By investment, (The ABC classification.)
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(c) "A" items should generally be ordered for specific production runs,
bacing the size of the order on the quantity needed (1) tor the productivn iun
and (ii) to maintain the minimum inventory level required. Here the EOQ
levels will serve as a guide. It should be borne in mind that the primary
objective is to cut down cn inventories of these items (e.g. through motiva-
ting suppliers to stock the materials for the firm).

(d) "B" items should be subject to a 'dollar" or similar type re-order
system. The key element here is the accuracy and currency of the information
contained in the stock cards. The purchase of certain "B" items from a single

supplier is an idea also worth considering.

(e) Re-~order limits for "C" items should be established on the basis of
double the normal safety stock, since these items add little to the total cost

of the inventory. Paperwork costs related to "C" items should be kept as low
as possible.




To provide a glimpse of the quality management and contrcl carried out in
small-scale furniture manufacturing firms in developing countries, the owner-

managers of two typical firms (A aud B) were interviewed regarding their prac-
tices.

Company A. This company, which was started up in 1975, produces mainly
hand-carved mahogany doors for local and expcrt markets. It also manufactures
plain-panel doors, jambs, lattice work, and wooden pieces (e.g. tiles) for the
construction trade. All incoming wood materisls are inspected visually for
quality, and using an electric moisture meter. Defective materials are re-
turned to the suppliers. Quality control is also employed throughout the
manufacturing process. At each work station the machine operator involved
inspects all materials reaching him. Finished products are inspected at the
assembly area, after final sanding, by either the foreman or the production
manager. Major defects seldom occur. Minor defects reported by customers can
usually be remedied without affecting the firm's image with respect to the
quality of its products. Customers are guaranteed free repair over a certain

period of time. Moreover, products that don't conform to the customer's
specifications may be returned.

Company B. This company wmanufactures tables, dJdesks, upholstered chairs,
cabinets and shelves on a job order basis for imstitutional buyers. Raw mat-
erials and finished products are inspected visually. Quality contrel in the
manufacturing process is informally delegated to the workers involved. One of
the duties of the production manager is to check the quality of incoming mat-
erials. Wood is meticulously inspected for the number, size and distribution
of knots; end splits; rot and other faults; colour or shade; grain structure;
and physical dimensions. No precise definitions of "defective" raw materials
are used, as variations are quite natural and cannot be avoided. In any
event, if "defects" are found in incoming materials, the materials can be re-
turned to the supplier or used to bargain for lower prices. Inspection of
finished products involves checking for variations in shade (i.e. in the ap-
plication of colour coating) and smoothness of surface. The company believes
that experienced carpenters can be relied upon to turn out a quality product,
and underscores this belief by insisting that it hasn't disappointed any of
its customers so far.

The following flaws are immediately apparent in the quality management and
control practices described above.

1. Responsibility for quality control in the assembly area in both companies
is vested in the machine operators or workers. Unless the management cf the
companies take it upon themselves to learn from their workers what constitutes
"quality" in their own products, they will always be at a loss when workers
decide to look for better jobs.

2. Botn firms' definition of quality is vague. They seem to operate accord-
ing to a rule that states: ‘I know a high quality piece of furniture when I
see one". Although this rule may be sufficient when a firm is ‘ust starting,
as time goes by it becomes necessary to evolve a definition of quality. This
will not only make the firm's quality control practice precise, but also
provides a definition that can be used in marketing the producs more aggres-
sively

3. Company A uses a moisture tester on ita raw materials but does not docu-
ment the quality performance of the suppliers of those materials.
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4, Both companies accept the need to do repair work on their finished prod-
ucte; chviously, they have not recognized that tnis involves unnecessary costs.

5. Both firms have established certain quality control points, e.g. produc-
tion managers for incom.ng materials, machine operators in the assembly area,
general manager for the finished products. This diffusion of quality control
may prove ineffective unless the firm has its own definition of quality,
evolved in the light of the market aimed at.

Specifications of quality

Where small-scale furniture wanufacturing plants are concerned, "quality"
is viewed in many ways. One is from the point of view of the manu-
facturer: "I'll produce whatever I think is best for my client”. Another is
from the point of view of the custower: "Manufacturzrs should produce the
product in this manner, because we like it this way". Since, however, the
definition of quality emanates from the customer, and is then refined or re-
interpreted by the manufacturer, there is a strong argument for viewing qual-
ity from the customer's angle.

Figure 22 shows a general pattern of how quality definitions emerge.

Figure 22. How quality definitions emerge
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From thc diagram ii will be notad that the definition of quality centres
around the ohysical properties of the products that conform to or match the
requirements of the customers. This definition must never be confused, how-
ever, with that of "perfect products'. It is important for the small-scale
manufacturer to evolve a definition of quality for his products since this
will also serve as a measure of how closely he knows his target buyers. In
evolving this definition, consideration wust be given to the physical
characteristics of furniture products which are directly measurable (length,
width, thickness, rigidity, elasticity, strength etc.) as well as to those
atiributes which are less easily measured {beauty, smoothness, appeal etc.).

How quality standards emerge

There are two basic ways through which definitions (hence standards) of
product quality emerge. One is when the manufacturer is asked to conform to a
certain set of standards, e.g. when operations are geared to export markets,
or when the company is a part subcontractor for a larger firm. The other way
is when the firm, in time, evolves its own standards, having made it a point
to minimize variations in the finished products.

Contact with customers gives the owner-manager an opportunity to define,
in terms of quality, their needs and wishes. This definition will becomne more
and more precise as the number of customers, and hence the degree of contact,
increases. Naturally, the system of checking of raw materials, sub—assemblies
and finished products will also benefit from this approach. In measuring
dimensicns for example, at the early stages, tape rulers with a millimei.e
scale may be used; then, after (say) two years, vermier calipers (reading by
steps of 1/10 mm or 1/20 mm) may gradually be introduced, and so on. One way
to ensure the evolution of the quality definitioc is to use a checklist cov-
ering those items that the operators should check at various stages of the
manufacturing operation. Initially -~ when confined to checking incoming wood
materials - the checklist may contain as little as 10 items. As experience
grows, however, this number will gradually increase to (say) 25 over a two-
year period. This process of correcting and improving, togeth:r with involve-

ment with the target buyers, will ensure that quality standards develop as
experience is gained.

Quality of design and conformance

Other aspects of quality are quality of design and quality of conformance.
The former is concerned with deciding which product design will most satisfy
the customer, while the latter implies a continuing process of measuring,
testing and adjusting to ensure maintenance of the quality level stipulated at

the design stage, Both aspects are important to firms employing the rigid
type of mass production.

Quality control systems

Quality control means identifying causes of variations from set standards
or specifications and correcting any defects resulting therefrom, Every qual-
ity control initiative should be both preventive and remedial in objective.
Prevention 1is concerned with determining at various production stages the
reason why defects occur, ir order to keep them to a minimum at the final
stage of production. The rem2dial aspect involves sorting out the defectives
at the final stage, to ensure that only acceptable products reach the custom-
er. A common way to ensure quality is to conduct inspections at various points
in the manufactiuring process. These inspections, which should feature the
application of tests and the use of measuring devices to compare pruducts and
performance with specified standards, will facilitate the identification of
defective products.
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The procedures outlined im figure 23 may be found useful iu contvolling
quality. The first step involves deciding on the standards to be adopted.
These should be decided between the manufacturer and the customer, with both
sides concentrating on the "trade-offs" involved: in other words, they should
compromise or meet mid-way. If the manufacturer gives in too much to the
wishes of the customer, the final product may turn out to be more expensive
and take a lounger time to produce than was anticipated. If, on the other
hand, the customer accepts too many of the changes suggested by the entre-
preneur, the product may turn out to be inappropriate to his needs.

Determining the level of acceptability or tolerance is the second step.
Here, the manufacturer is concerned with permissible variations in the basic
criteria agreed upon at the first step. Again, in the furniture manufacturing
industry, this is expressed in terms of the basic criterion plus or minus an
acceptable tolerance limit; for example, the length of part "X" should be
2,000 + 0.004 m. Tolerance limits should be broad enough to accommodate
"chance variations" or variations caused by factors inherent in the production
processes,

The next step is to determine the manufacturing sequence. (This procedure
is also followed at the production planning phase where the necessary proces-—
ses, machinery, equipment and workers are decided upon.) From this sequence,
the manufacturer siov’d be able to establish, with the aid of the customer,
those critical r-~ints where quality standards should be strictly adhered to.
These will cens. .tute checkpoints where inspections will be made to ensure
conformity witn sr. .lavds,

The next step sirvoives listing the procedures to be followed by workers or
inspectors in checking adherence to the quality level established at the first
step. The toc:s or "hardware' used for inspection checks in a small-scale
furniture manufacturing firm will include rules, calipers, straight-edge
rulers, fixed and angle gauges, thickness gauges, snap gauges, ‘'go/no-go"
gauges etc. Normal inspectior. routines include: "first product inspection";
"random sampling"; "inspection oy batch"; and "inspection of all products".

Finally, the irspection system must be activated. At this stage, the
manufacturer should ask questions like: "Who is responsible for ensuring the
quality of raw materials used?” ’Who is responsible for checking at the
first, second, and third critical points in the process?”" and "Who will check
the final products?" Once these and similar questions have been satisfactori-
ly answered, the system can be implemented, the proper corrections and ad-
justments being made when and where necessary.
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Figure 23. Quality control procedures for small-scale
furniture manufacturing firms
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V. METHODS ENGINEEKIN ALE FURNITUOFE MANUFACTURING
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Low productivity

Low productivity is by far the most common production management problem
confronting small-scale furniture manufacturing firms in developing countries.
Following a visit tc a typical household furniture manvlacturer, an industrial
extension officer filed the observations set cut below.

(a) The machining section needs to be laid out anew, since the moulding
machine is 28 metres from the finishing area. Modifying the layout would
reduce the distance travelled by workers and raw materials. In general, the
distances travelled by materials (manually hauled by skilled workers or
machine operators) are unnecessarily long, owing to the lack of logic in the
layout of machinery.

(b) In the fabrication of door panels (one of the firm's products), two
cutting operations ar2 performed, owing to lack of thorough inspection at the
first cutting. This contributes much to delays in production schedules,
especially at times when the firm has many job orders pending.

t¢) The firm minimizes raw materials wastage by using off-cuts in the
manufacture of wcoden tiles, toys and the like. Wastage generated by the
radial arm saw is about one inch; at the table saw, it is about one-half inch.

(d) On average, only 27 per cent of the available machine time is used
productively; 6 per cent 1is used for indirect productive activities; 15 per
cent for what could be classified as non-productive activities; and the re-
maining 54 per cent of the time the machines are idle.

(e) The 30 workers and machine operators spend 24 per cent of their time
in direct productive activities; 25 per cent in irdirect productive activi-—
ties; 5 per cent in non-productive activities; and 46 per cent .

2

gf) The total working area 1s approximacely 670 m“, of which an area of
90 m

, or 13 per cent, is not utilized,

Low productivity, although the most common problem facing small~scale fur—
niture manufacturing firms, is also the least understood. When problems are
traced to low ptoductivity, it is immediately presumed that increased profits
will come from co-ordinated and sustained efforts to imcrease the ovperating
efficiency of the entve firm. Worse still, it may be considered that the
solution to all the firm's troubles 1lies simply in increased activity
(increased sales volume, expanded product lines etc.). This approach may suc-
ceed, or it may not., Some firms have substantially increasad proeduction only
to discover later that such increase has not automatically brought about lower
costs. This 1is normal: lower costs never -ome about by themselves. If a
small firm is tuned to &perate economically at a certain level of production,
a sudden iancrease in outrut may bring in:s play so many unanticipated and
expensive factors that the expenditure involved will far outweigh the savings
resulting from the increased volume,

Nowadays, small-scale furiiture manufacturing firms are concerned not only
about increasing manufacturing costs, they are also discovering that customers
are demanding higher standards of quality than ever before, Buyers are becom-
ing more critical. They examine every product to make sure they are getting
the greatest possible value for their money. As a rule, therefore, yester-
day's quality standards will not do today.
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It will be recalled that in chapter I the furniture production system was

set of outputs. If the inputs and outputs of a firm can be qualified and
reduced to terms of a single unit, then it will be possible to determine the
efficiency of the conversion process. As this efficiency rating is synonymous
with productivity, the overall productivity of the firm can be determined,
using the following relationship:

Productivity (expressed in percentages) = %EEEEE x 100
nput

Improvements in productivity, then, may be described as the use of fewer
and fewer inputs to generate more and more outputs for more and more customers.

The process of systenatically improving the productivity level of a firm
is not new. It is embodied in a discipline variously referred to as "work
study”, "induetrial engineering" or '"time and motion study". This discipline
is used in investigating human work in all its contexts and leads systema-
tically to the i-entification of factors affecting efficiency and economy in a
given situation with a view to bringing about improvements in that situation.

Work study is a valuable productivity improvement tool primarily because
of the systematic approach used in investigating problems and developing solu-
tions. Its employment requires that all relevant facts be available in order
to ensure that suggested alterations in procedure will be based on accurate
information. Where human activities are involved, there has always been a
tendency to accept opinion in place of fact, with the result that deci:¢ onms
are often based upon what is believed to be true, rather than what is known to
be true. The function of work study is to identify facts that will explain
low productivity, and on this basis to point to varicus means of affecting
improvement. Work study, in short, is an effort to replace guesswork by facts.

Work study procedures

Although work study covers a wide field - dealing as it does with such
basic questions about work processes as '"How should a particular job be
done?”, "How long should it take?" and "How much is it worth?" - it generally

follows a five-step pattern, viz:

(a) Selecting an important job to study. This £first step requires

weighing the complexity of perfcrming the work study and the potential im-
provement in productivity. Perhaps in the short run, the concern will be to
do "old" jobs better, but in the long run, the focus should be on doing "new"
jobs better, where impiovements may be more marked. To provide a general
guide, all aspects of the manufacturing operation that waste time, energy,
materials, manpower, space, or machine time should be thoroughly scrutinized.
The workers should be involved in choosing the area to study. This will mini-
mize potential resistance to eveatual change. In this respect:
(i) All workers shouid understand the purposes and objectives of the
study and be aware of the benefits that may be derived from it,

such as lighter workioads and enhanced safety;

(1i) The workers should be allowed to do most of the talking when the
choice is being made, and the importance of their contribution
to the potential success of the exercise should be emphasized;
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(1iii) The workers should be encouraged to suggest changes them-
selves. Experience shows that changes originating from workers'
suggestions tend to be sustainable over the luag Tud,

(iv) The ideas put forward by the workers should not be criticized at
~his stage. It must be borne in mind that the goal is to gener-
ate facts, not to criticize or to correct flaws.

(b) Breaking down the job and recording the details. This is a highly
important step as the appropriateness and accuracy achieved in recording what
is taking place on the job determine the success of the whole procedure. The
results of this step provide the basis for subsequent steps, i.e. the critical
examination of existing methods and the development of new ones. Recording
techniques - which may include the use of charts, diagrams, models and some-
times even photographic aids - vary according to the nature of the activity
being studied and the objectives of the study. As the more detailed tech-
niques call for expenditure of considerable time and effort on the part of the
owner-manager, and perhaps the industrial extension officer, they should be
employed only when the return expected indicates their use to be justified.

(c) Questioning every detail with an open mind. Once a thorough and
detailed recording of a particular manufacturing activity is available, a cri-
tical examination of the present way of working may be initiated. This exami-

nation is the crux of the entire work study procedure and should take the form
of a systematic analysis of the nature, purpose, place, sequence, personnel,

and the means involved in every step of the operation. At this stage, logical
and satisfactory answers to the following questions should be sought:
(i) What is done, and why is it done?
(ii) When 1is it done, and why at this time?
(iii) Where is it done, and why at this particular place?
(iv) Who does it, and why that particular person?
(v) How is it dome, and why in that manner?

(d) Generating the improvements. The detailed questioning continues at
this step. Improving on the existing situation will require the application
of a good deal of ingenuity, imagination and logical thinking in dealing with
the following questions:

(i) What else can be done, and what should be done?
(ii) At what other time can it be done, and when should it be dome?
(iii) Where else can it be done, and where should it be done?
(iv) Who else can do it, and who should do it?

(v) How else can it be done, and how should it be done?

The answers to these questions will lead to the selection cf the best method
of dealing with the situation.

(e) Introducing improvement. This is the final step, after an improved
method of doing a particular task has been developed. At this stage, the most
important factor in the work study exercise 1is to enlist the whole-hearted
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participation of all the employees concerned. Jnly their complete understand-
ing of, and funll co~operation in implementing, the proposed changes will en-
sure the long-term success of the improved methods. A negative attitude on
the part of the workers is a deterrent that must be overcome if the positive
results of the work study initiative are to be harvested.

The work study should preferably be conducted by a qualified industrial
engineer. If the firm cannot afford to hire an engineer, the assistance cf an
industrial extensicn cfficer might be sought. The important thing is for che
owner-manager to have an "eye" for the low productivity situation in his firm
and the proper attitude towards dealing with it. Work study training program-
mes are available i1n most developing countries. The owner-manager should take
advantage of them. His foreman or chief supervisor could also benefit from
them.

If an industrial extension officer is called in, the owner-manager as well
as the officer concerned should remember that there are certain difticulties
to be cvercome at the initial stages of the work study. Valuable time and
goodwill can evaporate unless the proper spirit and attitude are generate at
the introductory stage. The level and range of difficulties will vary ac-
cording to the size of the firm. The larger the firm, the more complicated
its structure is likely to be, and the more staff grades ard departments will
be affected by the introduction of something new, The various categories of
managerial personnel have vested interests of their own and are often dis-
inclined for change. The establishment of a new section - say an industrial
engineering section - may be viewed with suspicion or as an encroachment on
the prerogatives of their own departments. The industrial extension officer
selected must therefore have tact and understanding.

The workers will also probably have doubts concerning work study, particu-
larly if the existing worker-management relationship is poor or if the fimm
has a sorry history in terms of employment and prosperity. The worker will
want to know not only how work study operates but why it is necessary at all.
It must also be remembered that although a trade union leadership (or the
leadership of any informal organization exercising a like function) may have
given full support to the objective of higher productivity and the means of
achieving it, this does not guarantee complete acceptance by individual
members of the union.

When the introduction of work study is being contemplated, every effort
should be made to prevent incorrect rumours being circulated. Initial discus-

sions should be confidential, and factual information given out as early as
possible to all concerned.

The owner-manager must endeavour to anticipate the difficulties that may
arise and seek to determine how work study can best be fitted into the exist-
ing organizational structure. The approach to be taken to the workers should
also be considered in advance. There is no rule-of-thumb procedure for
dealing with this, as it will vary considerably with different trades and
firms. Two points are of paramount importance: (a) middle management and
workers should be approached simultaneously, and (b) patience will be re-
quired in dealing with both groups. It may be necessaiy to hold a series of
meetings with all parties concerned, in advance of the work study, in order
that prejudices and doubts may be reduced to a minimum before a start is made,
A systematic way of introducing the work study concept into a small-scale
furniture manufacturing firm, using an industrial extension officer, is
depicted in figure 24,
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Figure 24. Introducing the work study concept through
an industrial exten«ion officer
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Methods engineerig&

Methods engineering is one of the two major branches of work study. The
other is work measurement, which is the subject of the next chapter. Methods
engineering appl-ed to a furniture manufacturing firm improves working methods
by economizing on movement of materials and workers. It enhances the utiliza-
tion of machines, equipment, land and buildings, and - if coupled with value
analysis - can bring about improvemects in design. Methods engineering at-

tempts to minimize the unnecessary work that may be due to any or a combina-
tion of the following:

(a) Poor product design. As mentioned earlier, the small-scale fur-
niture manufacturer has the right to try to "sell" his own ideas to customers
in the process of specifying a product's dimensions and other features. He

may attempt to persuade the customer of the savings he can make by agreeing to
some of his suggestions. The process of specifying quality requirements, it

must be remembered, is a compromise between the customer's needs and the manu-

facturer's capabilities. Product designs and specifications that lead to in-
creased manufacturing time normally feature:

(i) Poor product design, which prevents the use of economical pzo-
cesses and leads to excessive use of materials;

(ii) Lack of standardization, which prevents the use of more sophis-—
ticated production processes;

(iii) Incorrect quality standards, which cause unnecessary reworks.

(b) Inefficient methods and processes. Furniture manufacturing techno-
logy, like other tecnnologies, offers a host of options in manufacturing, in-
cluding options with respect to the methods, tools, jigs, fixtures and
machines to be used. Employing inappropriate methods and tcols normally leads
to unnecessary work., In some instances, processes are not performed correctly
or suffer because machines are in bad condition, i.e. tolerances cannot be en-—
forced. Added to this, operators may also use bad methods of working.

Methods engineering in a small-scale furniture manufacturing firm follows

the same pattern as work study. The main difference is in the recording tech-
niques employed.

Tools of methods engineering

Generally speaking, the tools of methods engineering are embodied in the
standardized format recording techniques used. Recordings are made in order
to:

(a) oObtain a clearer picture of a given situation than that provided by
written or verbal descriptions;

(b) Be able to verify the completeness of the data generated;

(¢) Transfer data effectively in the shortest time possible. Ex-
perience proves that data presented in a familiar pattern is more easily
assimilated;
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(d) Provide an effective medium for comparison. In methods engine-
ering, many types of situations relating to the "before" and "after" stages of

improvement must be dealt with. For ease of comparison, a standardized format
is essential. The principal methods engineering tools are: flow charts;

process analysis charts; and multi-activity charts.

Flow charts

The manufacturing flow chart is the best as well as the simplest tool. Es-
sentially, it is used to investigate the sequence of steps in the manufacture
of a piece of furniture and to indicate action that should be taken to elimin-
ate, combine or rearrange steps in order to attain the most economical method
of operating. There are two types of flow chart: general and detailed.

The general flow chart shows a broad picture ¢f all or some of the furni-
ture manufacturing processes. Its usefulness stems from its ability to
provide not only an overall picture of a process under review, but the various
logical relaticachips existing between that process and other processes em
ployed by the firm. Figure 25 is an example of a gemeral flow chart for the
preparation of solid wood components in a furniture manufacturing plant.

The detailed flow chart, as the name implies, entails greater detail in

the recording process. A sign language is used to symbolize and generally
classify all the tasks and activities of the workers.

The first symbol is a circle, and it is used to denote an operation such
as sawing, routing, boring, drilling, sanding or finishing. It is used to
indicate any action taken to increase the value of the raw materials. The raw
materials may change with respect to their physical or mechanical (e.g. 1if
they are laminated) characteristics, as required by the product specification.)

The second symbol is an arrow and is used to denote the transportation or
movement o0f raw materials from one work station to another, or from one build-
ing to another. Essentially, the symbol indicates that the material has left
one worker to be further worked on by another (this also represents a transfer
of responsibility). It must be borme in mind that activities classified as
transportation do not enhance the value of the furniture products and should
therefore be minimized or eliminated.

The third symbol, a square, denotes inspection of the materials. This 1is
used for all tasks related to the examination or checking of work for quality,
no matter whether it is performed by one worker or a group of workers.

The fourth symbol, the letter D, stands for temporary delay. In job-order
manufacturing, there are usually mcre delays involved than in the rigid type
of mass production. Although this symbol usually denotes a wait for raw mat-

erials, it may also irdicate failure to accomplish a certain manufacturing
activity,

The fifth symbol is the triangle. An inverted triangle denotes storage of
raw materials; an up-ight one denotes storage of finished products.

Figure 26 shows a detailed flow chart used by a small-scale plain-flush-
door manufacturer in a developing country. There are two ways of dealing with
the results of a detailed flow chart analysis: (a) the time spent on non-
value-adding activities (transportation, delay, inspection, storage etc) can
be eliminated or minimized, and (b) activities, which are value-adding through
sub-contracting or other means, should be eliminated - vhich will also auto-
matically eliminate '"make-ready"” and 'put-away" activities. The occasion
might also be used to combine, re-arrange or simplify some of the manufacturing
opzrations.
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Figure 25. ©General flow chart for the preparation of
solid wood components
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Figure 26. Dectailed flow chart of plain flush door
manufacturing process
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Process analysis chart

The necessity has been discussed of visualizing the furniture manufac-
turing operation in its entirety through the five basic activities (operation,
delay, storage, inspection and transportation) of raw materials handling.
Besides indicating the forms of improvement that might be generated, the flow
charts also provide a guide as to which manufacturing process should be sub-
ject to "microscopic" investigation. The process analysis chart is used to
perform such an investigation. In addition to classifying all the activities
in the process under review, it provides information on the quantities of
materials used, the time spent on each activity, and the distance traversed by
the raw materials used - information that will be extremely useful in pin-
pointing the causes or symptoms of low productivity. Figure 27 is an example
of a process analysis chart used in preparing the materials needed to manu-
facture flush-type wooden doors. The results of the analysis may be useful
not only for improving existing situations but also for cost estimating, a
critical element in job-order operations. By conducting a detailed study of
the manufacturing operation, using the process analysis chart, the flow of
materials (materials—-type process analysis) or the movement of personnel
(worker-type process analysis) can be traced with some degree of accuracy.

It may be desired to use the process analysis chart to concentrate on th-
activity of, say, an operator or an assembly worker. Perhaps the conceru is
to balance the workload between his right hand and his left. In this case, a
variant of the process analysis chart - the right-hand and left-hand chart -
is employed. See figure 28.

Multi-activity chart

Balancing the workload between the right and left hands can also be
achieved using the multi-activity chart. This chart can depict the activities
of more than one subject (e.g. workers, machinery, equipment, or the right and
left hands) on a common time-scale in order to allow investigation of the
depencency of their relationships. Primarily, it is designed to facilitate
determination of ways to reduce idle time in both men and machines. To il-
lustrate the use of the multi-activity chart, a highly simplified version of a
common problem encountered in furniture manufacturing is presented below.

A circular-saw operator prepares the material for a feeding operation re-
quiring, say, one minute. By the time he has arranged the material on the
table of the circular saw, and made all the adjustments needed prior to cut-
ting, another minute is gone., The cutting operation requires another minute.
The worker then remcves the materials - another minute - and another cycle
begins.

At first impression, there is nothing wrong with the operator-saw re-
lationship or dependency. Closer examination shows, however, that the saw is

idle three quarters of the cycle time and that the operator is engaged in
"make-ready' and "put-away" activities for the same length of time., This is
illustrated in figure 29,
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Figure 27. Process analysis chart

Process analysis chart - Materials type (Preseant)
Summary
Chare No. 1 Sheet No. 1 of 1 Functions Present Proposad Savings
Subject charted: Door manufacturing Operation g
(Flush-type wooden doot ) Transport
N Delay 0
Location: Main workshop Inspection 1
Operator; Storage L
Distance 433.T m
Charced by: EQC Time 18 min 19 s
Date: Cost Not
available
Totals -
No.| Description of activi.ies Symbols Qey.| Disc. Time Rewmarks
Ql=2 D10 A
1.] Raw material at the stock pile ,O - - -
2.| Raw material (2"x6"x13') picked up D’ 1 5.2 m 27 s 1 worker
3.| Cross-cutting of raw materials 1 0 b s one at
by radial-arm saw a_ time
4.| Transport to plans 2 2.6m 6 s 1l worker
5.| Planing of raw macerials - 0 55 s 1 worker
6.} Transport to tilting arbor saw 2 4.6 m 1s 1 vorker
7.] Cutting of raw material length-wise 0 0 1 min 10 s|l worker
8.] Transport to next radial arm saw 6 5.2 m 10 s 1 worker
9.{ Cross cut raw material into halves 0 Q 1 min 10 s}l vorker
10.| Transport to thickness planer 10 S m 15 3 1 wocker
11.] Reduce thickness (from 2" to 1 1/2") , 0 [} 2 min 33 s]l vorker
12.] Transporc back to radial arm saw 10 3.8 m 20 s 1 vorker
13.| Cross cutting of semi-finished
materials - 9 0 20 s 1 vorker
. e
l4.| Raw material - 7 pes. 1 1/2" x 2" x 3', ™~
4pes. 11/2% x 2 x 1°, b @)
2 pes. 1 /2" x 2" x 7' //4 13 - 1 min_ 0 sil vorker
. ) -
15.1 Tenoning, using radial arm saw g 7 - 2 min 10 s|l wvorker
16.| Transport 2 pcs, of 1 1/2" x 2" x 7'
to mortiser 2 9.9 m 25 » 1 worker
17.| Morcising of 2 pcs. (1 1/2" x 2" x 7°),
7 mortises each 2 - 6 min 40 s |l wvorker
18, § Frame parts transport 13 8.3 22 8 1l worker
Totals - 43.1 m |18 min 14 s

'
|
1
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Figure 28. Right-hand and left-hand chart
Chart No. Sheet No. of Workplace layout
Drawing of assembly studied:
Subject of study:
Operator:
Location:
Charted by : Date:
Left-hand activities Symbols Symbols Right-hand activities
Description O=0|0O|=|D |02 Description
\\J
|
/
.—_————/'
Methods Present Proposed Remarks
L.H. R.H. L.H. R.H.
Operations
Transports
Delays
Holding and storage
Inspection
Totals




Figure 29. Example of use of a multi-activity chart

Time

Operator (minutes) Circular sawv
Obtaining the 0
material for cutting Idle
Arranging the 1
material in the saw Occupied
table prior to cutting
Idle (material fed to 2 Cutting
saw)
Putting cut materials 3 Idle
away

End of one cycle

Computing the values of the following further clarifies the operator-saw
relationship.

Time spent on "do" activities x 100

1. Machine utilization (%) = Total cycle time

2, Operator's utilization of Time spent for "make-ready' and
"put-away' activities x 100
Total cycle time

n

the machine (%)

In this example, cutting is the only 'do" activity performed by the saw. The
machine is in use, therefore, for a pcor 25 per cent of thke time (1 out of &
minutes), while the operator spends 75 per cent of his time operating the
machine (3 out of 4 minutes). There are two basic approaches to improving the
man-machine relationship and thereby attaining greater economy and efficiency
in the manufacturing operation:

(a) Some of the "make-ready" and "put-away' activities may be infused in—
to the "do" elements for each cycle time. One way of accomplishing this in
furniture manufacturing is by using low-cost automation.f

(b) The operator may be asked to operate other similar machines, or given

extra, but related, work to perform during the idle parts of the cycle.

Principles of methods engineering

Some general principles have been formulated that may be found useful in
developing new methods or imprcving existing ones in fuvsniture manufacturing
operations. These principles ;overn motion economy, workplace layout and
design; and materials handling.§

-lf .
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Principles of motion economy

When possible, movements of the himan hody chonld he ac followe:

The hands should begin and complete their
movements at the same time.

The hands should not be idle at the same time,
except during periods of rest.

Arm motions should be symmetrical, in opposite
directions, and made simultaneously.

Hand and body motions should be at the lowest
classification 19/ needed to do the work
satisfactorily.

Momentum should be employed to help the worker, but

must be reduced to a minimum whenever i: has to be
overcome by muscular effort.

Rhythm is essential to the smooth and automatic per-
formance of a repetitive operation. Work should be
arranged to permit easy and natural rhythm whenever
possible.

Work should be arranged so that eye movements are con-
fined to a comfortable area, without frequent changes

of focus.

The work place should be arranged as follows:

1.

2.

Fixed stations should be provided for all
tools and materials, to encourage habit forming.

Tools and materials should be placed in position

prior to manufacture, in order to reduce time spent
in searching for them.

Gravity-feed bins eund coutainers should be used to
deliver the materials as close as possible
to where they are needed,

Tools, materials and controls should be located
within o as near as possible to the working area.

Materials and tools should be so arranged as to
permit the optimum sequerce of motions.

"Drop delivers" or ejectors should be used
whenever possible to reduce the need for the

operative to use his hands to dispose of
finished work.

Lighting should be adequate. A chair that will
permit good posture should be provided for the
operative. The area of the work place should

allow alternate standing and sitting.

B and C

B and C

B and C

A, B and C

B and C

B and C

A, B and C

A, B and C

B and C

B and C

A, Band C

A, Band C

A, B and C
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The colour of the workplace should contrast with
that of the work, to reduce eye fatigue.

The design of tools and equipment should be such that:

1.

The hands may be relieved of the chore of
kolding the workpiece when this can be done by
a jig, fixture or foot-operated device.

Two or more tools can be combined whenever
possible,

Levers, crossbars and handwheels can be placed
so that the operator can use them whilst
making the least change in his body position,
yet offering the greatest mechanical advantage.

Principles of workplace layout design

1.

If similar work is being done by each hand,
there should be a separate supply of materials
or parts for each hand.

If the eyes are used in the selection of
materials, the materials should be kept, to the

extent possible, where the eyes can locate them
witnout the worker turning his head.

The nature and shape of materials determines
their position in the layout.

Tools should be easily picked up and replaced.
As far as possible, they should have an
automatic return, or the location of the next
piece of materials to be moved should allow
the tool tc be returned as the hand travels
to pick it up.

Finished work should be:

(a) Dropped down a hole or a chute;

(b) Dropped through a chute, when the hand
is starting the first motion of the next

cycle;

(¢} Put in a container so that hand movements
can be kept to a minimum;

(d) Placed in a container in such a way that the

next operator can pick it up easily (if the
operation is an intermediate one).

The possibility should always be examined
of using pedals or knee-opercted levers for locking

or indexing devices on fixtures, or devices for
disposing of finished work.

A, B and C

A, B and C

A, B and C

B and C

B and C

A, B and C

A and B

A and B

A and B

A, B and C

B and C




- 67 -

Principles of materials handling

1. Handling siould be eliminated to the extent
possible. When it is required, mechanical
rather than human handling is to be preferred. B and C

2. Handling should be combined with the work,
inspection or other processes that would
normally precede or follow it. B and C

3. To minimize handling cost, work processes should

include the use of as many hand tools and as much

semi~automatic machinery as possible. B and C
4, Materials handling facilities should be continuously

updated. A, B and C

Application of methods engineering

Methods engineering can be applied at practically all stages of furniture
manufacturing. In product design and development, it can help briqq/ into
focus how each component part contributes to the desired end result.—~" At
the processing and assembly stages, it can serve as a potent tool for continu-
ally improving operations, as illustrated by the following case. A small-scale
door manufacturing firm with 30 workers embarked on a company-vide methods im-
provement programme with the aid of an industrial exteansion ofticer. After al-
most a month of recording and analyzing the relevant facts, the firm decided
to cuange its layout and introduce various improvements in selected flush-door
manufacturing processes. The result was a 30 per cent increase in production
and savings of IC 32,24 per door per day. With an approximate daily ouput of
24 doors, this meant a saving of IC 15,475 a month or IC 185,702 a year.

As soon as a firm embarks on a programme to improve its manufacturing
operations and increase its productivity, it will observe that one improvement
opens doors for others. When taking such initiatives, therefore, the possi-
bility of effecting improvements in other areas should be borne in mind. It
must be remembered also that there is always a better way of doing things.
The task of the firm must be to constantly search, record and analyze, with a
view to developirg and introducing improved methods. In the long rum, it will
be found, this will be the firm's lever in sustaini._, 1ts competitiveness in
the marketplace.
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VI. WORK MEASUREMENT: CONCEPTS A RACTICES IN SMALL-SCALE
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Scope of work measurement

The other aspect of work study is known as work measurement. This is gen-
erally concerned with the investigation and evaluation of all types of human
work i1 an industrial setting. In more precise terms, wcrk measurement tech-
niques are used to gauge - in terms of time units - the work content of jobs
performed by trained, qualified workers employing specific methods or pro-
cedures.

If the work content of a job cculd be measured in terms acceptable to both
management and workers, then work measurement could make a substantial con-
tribution towards determining what constitutes a 'fair day's pay for a fair
day's work" in various manufacturing activities. Unfortunately, however, many
people, particularly those operating job-order furniture manufacturing firms
and remunerating their workers on a piece-rate basis, believe that the sole
purpose of work measurement is tc improve the administration of the firm in
terms of wages and incentives. In fact, having the work content measured in
terms of time units for the critical - if not all - stages of manufacturing
will increase the effectiveness of workload scheduling and distribution. Like-
wise, having work content information readily accessible will improve the
firm's ability to estimate direct labour costs for every job or production
batch.

Finally, work measurement is an extension of methods engineering. In this
context, it is an aid in choosing alternative methods of performing a specific
operation in the furniture manufecturing process, As reduction in the time
needed to perform a task is the only valid proof of improved methods, the work
measurement process must be sustained until a satisfactory method for doing a
particular job has been developed. In the search for this method, the con-
tribution that work measurewen: can make towards improving the overall pro-
ductivity of the firm will become -~lear.

Work measurement and productivity improvement

Small firms in developing countries are often accused by their customers
of failing to deliver as promised. In some cases, they are able to get by
with this practice, but with today’s consumers increasingly demanding value
for their money, such firms will become uncompetitive in the long run. In the
case of furniture firms, delayed deliveries may be due to (a) overly optimis-
tic estimates of the production time required, and (b) low productivity on the
part of management and workers.

Overly optimistic estimation of production time requirements is an infor-
mation-relate! problem. This may mean that the owner-manager is unable to
marshal, and effectively utilize, the experience acquired by the firm in its
day-to-day business. To remedy this situation, promised cezlivery dates must
be compared with actual delivery dates, and the factors responsible for dis-
crepancies identified and eliminated. A programme should then be initiated
aimed at reducing the delivery time by at least half. (This aspect is dis-
cussed further in chapter VIIl.)

Low productivity on the part of management and workers will also result in
delayed delivery. 1In chapter V, two factors were cited as being responsiblc

for unnecessary increase in the basic work content: defective product design
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or specification, and inefficient methods of wmanufacture. Another factor,

discussed below, is the time lost through inefficiency on the part of manage-
ment and workers.

Examples of in=fficient management in furnicure manufacturing are:

(a) Offering too wide a variety of products, coupled with lack of, or in-

adequate, standardization initiatives. (This leads to short production runs
and relatively longer set-up times.)

(b) Poor product specification at the job—order preparation stage. (This

can lead to frequent design changes, which in turn cause stoppages in produc-
tion.)

{c) Failure to properly co-ordinate the acquisition of material inputs.
(This can lead to high incidence of machine, equipment and manpower idlemess.)

(d) Poor maintenance. (This can lead to plant breakdown and costly
repairs.)

(e} Inadequate safety measures. (Conmsequent absences of workers and work
stcppages result in loss of production time.)

(f) Bad working conditions and conditions of work., (These result in
foremen and the like spending increased time on purely supervisory work.)

Worker inefficiency is indicated by habitual absence, tardiness and idle-
ness. Careless workmanship and a negative attitude likewise add unnecessary
time to the basic work content.

Work measurement can help to minimize, if not to eliminate, some of the
inefficiencies of management and workers. The keys to the successful appli-
cation of work measurement are thoroughness, patience and honesty: thorough-
ness in considering every contingency; patience in searching for the relevant

explanations of cause and effect; and honesty in using the results of the
initiative.

Techniques of work measurement

Work measurement, when used to evaluate selected human activities in a
firm, generally follows the work study process of selecting a job to study;
breaking it down into its various components; recording every detail; and
questioning every detail, keeping an open mind. There are several techniques
that may be employed, and the choice will depend upcon the objectives of the
investigation. In the paragraphs that follow, two major objectives of work
measurement are reviewed which reflect the concern of most small-scale
furniture manufacturing firms in developing countries. These are: (a) the
determination and quantification of non-productive activities; and (b) the de-
termination of standard times needed to perform selected furniture manu-
facturing activities, as the basis for costing and incentive schemes.

Ratio delay study is a technique used to identify and quantify productive
and non-productive activities in a firm. It involves a considerable number of
spot observations being made over a period of time for a group of workers,
machines and equipment. Each observation records what is happening at a par-
ticular instant. The frequencies of occurrence of the various productive and
non-productive activities are captured and expressed as percentages of the ac-
tual production time.
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Time study is concerned with assessing - in terms of time units - the
value or content of work performed thnrougih uuman effort. The technigue is
used to determine the '"standard" times needed for selected, common furniture
manufacturing processes. The standard time is the time required by a quali-
fied (experienced, trained or both) worker to perform a given operation, using
a specified method or procedure and working at normal tempo. The standard
times thus derived are useful in estimating direct labour costs and intre-
ducing incentive schemes.

Ratio delay studies

Neither the concept of, nor the procedures used in, ratio delay studies
are new. Their application in small-scale furniture manufacturing firms in
developing countries would, however, be relatively new, and are certainly
desirable. At this point, two basic questions should be answered: (a) Who
shall conduct the ratio delay studies? and (b) How should they be conducted?

With regard to the first question, as in the case of the methods engineer-
ing processes, the assistance of the industrial extension officer can be
sought. The key man in the prcduction process should be designated the count-
erpart of the extension officers so that through him, in time, the process of
ratio delay studies will be absorbed into the firm. Another possibility is to
have the key production person attend courses on work study. 1lhere are cer-
tain other basic steps which the owner-manager should take in order to ensure
the successful outcome of the ratioc delay studies., These are set out below.

(a) A meeting should be called to discuss the aims and procedures of the
ratio delay technique with all those people in the firm who may later be af-
fected by the results. This step is often neglected in studies conducted in
other areas of manufacturing. Taking it will not only resolve some of the
doubts in the minds of the workers. but will also minimize the potential re-
sistance to change that the results might trigger. It may also spark workers'’
suggestions on how the productivity of the firm can be improved - besides as-
suring their co—operation throughout the conduct of the study. A promise that
they will not be laid-off as a consequence of the study - a promise that
should be kept - is a further way of ensuring their co-operation.

(b) A firm idea should be established as to what would be the best out-
come of the study. It must be bornme in mind that the ratio delay study not
only identifies the firm's productive and non-productive activities, but also
quantifies them. At this stage, the owner-manager - on the basis of his ex-
perience in the firm - should have some idea of what the ratio of productive
to non~productive activities will be. An example of this step is provided by
the small-scale household furniture manufacturer who, prior to the conduct of
the ratio delay study, claimed that 80 per cent of the activities performed by
his workers on the shop floor were productive. The results of the study
showed, in fact, that the workers were delivering only 35 per cent direct pro-
ductive activities (2.8 hours per &-hour day). Of the remaining time, 55 per
cent was spent on indirect productive activities and 10 per cent on idle ac-
tivities and personal comfort. Thus, the manufacturer discovered that there
was much room for productivity improvemen:.

(c) The area selected for the investigation (group of workers, de-
partment etc.) should be subject to thorough observation and a listing made of
all the activities so observed. This exercise should be conducted on
"typical" working days in :bh: firm. The listing shown in figure 30 was com-
piled by an extension officer.
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Figure 30. Sample listing of activities performed in small-scale
furniture manufacturing fimms
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It will be observed that the activities listed may be classified as direct
productive; indirect productive; or idle, viz.:

(1) Direct productive activities. These activities add value to the
raw materials being worked on. Examples are: ripping, sawing

(using circular saw), hand planing, putty patching, staining,
and edge sanding.

(ii) Indirect productive activities. These activities do not add
value to the materials, but facilitate thz2 performance of direct
productive activities. Examples are: cleaning the circular
saw, arranging the work piece on the circular saw table, fetch-

. ing materials, and sharpening saw blades.

(iii) 1Idle activities. Examples are: resting, smoking, being absent,
day-dreaming, and drinking water.

(d) The classified activities should be entered in a ratio delay form, as
shown in figure 31,

(e) A trial observation should be made in order to check whether all the

activities performed in the department or section under review have been ac-

e counted for. 1If necessary, more activities should be added to the original
listing.
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Figure 31. A simple ratio delay form
Date: Department observed: Wood burning
Number of workers: 3 Number of machines: 3
Number of observations: 42 Type of ratio delay:
Observer: Man Machine Man and machine
Classification Worker Worker Worker Total Percentage
No. 1 No. 2 No. 3 of total
Direct productive a 1 _
activities mi ”I “u I” m“m\ 26.0 61.9
Indirect productive
activities ”! IH{ ‘" 11.0 26.2
ldle activities ll | l 5.0 11.9
Totals 42.0 100.0

a/ sSpecific direct productive activities, indirect productive
activities and idle activities may also be itemized and their individual
percentages obtained. This will provide much more insight into the
activities involved in furniture manufacturing.

(f) On the basis of the number of important productive activities regist-
ered, the number of observations to be made in order to attain the required
accuracy should be calculated.l? In the absence of statistical means of
determining the number of observations, a compromise ''guessed" or trial number
of observations, as suggested by the majority of the workers, should be used.
As a practical rule, however, the minimum number of observations should be 30,
spread over a period of three weeks and made at different hours of the day.

(g) Observation rounds should be made at random times. The object of
these rounds jis to capture what the subject is doing (direct productive, in-
direct productive or idle activities) at a precise moment. Recording is
simply a matter of making a stroke against the appropriate activity on the
ratio delay form (see again figure 31).

(h) Data collection should continue until all activities have been ob-
served; their incidence is then calculated as a percentage.

(i) The rtesults should be checked for accuracy; if they are unsatis-
factory, additional rounds should be made,

(j) The results obtained should be compared with those initially expected
(step (b) above).

The information obtained through the conduct of ratio delay studies can be
used as a rough indicator of the total productivity level of the firm; to
identify the reasons behind unexpectedly high percentages of indirect produc-
tive and idle activities; to measure capacity utilization; and even to provide
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guidance on where to direct methods engineering initiatives. Finally, the

subject for more detailed study.

Time studies

Time studies are used to assess the value or content of manual operations
in a furniture manufacturing firm by recording the times and rates of working
for the various elements of a specific job carried out under specific condi-
tions. The results of the time studies facilitate the determination of stan-
dard times for the jobs most frequently performed. It will be recalled that
in methods engineering - as to some extent in ratio delay studies - a par-
ticular activity may be evaluated and re-designed for possible improvement.
This facilitates identification of the various elements or components of the
activity - elements which may be '"clocked”" or timed after an appropriate
number of observations have been made. Standard times may be obtained from
the clock readings by applying a rating factor to account for varying speeds
in workers' performance. Allowance is also made for unavoidable interruptions
in production. The end product is a pragmatic assessment of the productive
content of an activity. This, in a nutshell, is the time studies technique.
A number of distinct steps are involved in conducting time studies for highly
repetitive activities in furniture manufacturing, viz.:

(a) Familiarity with the operation selected for investigation is obtained
through conscientious observation;

(b) The co-operation of the worker performing the operation is enlisted.
A worker should never be clocked without his knowing it, as this could lead to
serious non-co-operation;

(c) Before conducting the time studies, a precise description of the con-
ditions pertaining to the operation under review should be recorded, e.g.
workplace layout and location of tools for assembly work;

(d) Timing equipment should be kept handy. For the conduct of highly
formalized time studies, a stop watch is required. Stop watches are cali-
brated in different ways. Two of the more popular watches feature, respec-—
tively: a one-minute decimal stop calibrated in hundredths of a minute, and a
one-hour decimal stop showing increments of hundredths of an hour. The former
may be used in cyclic-type time studies, while the latter may be more useful
in non-cyclic studies;

(e) The "elements" of the operation under review should be determined.
Elements are recognizable parts of an operation, chosen for convenience of
observation., They should be easily identifiable, with definite starting and
finishing points (also referred to as reading points). An example of the
meaning of operation elements is provided by the operator of a radial-arm saw
who repeatedly performs cutting operations to produce a piece. The following
elements are normally involved: (a) fetching materials from the pile; (b)
measuring materials and accessories against specifications; (c) positioning
wood materials in the machine; (d) setting-up and clamping the machine; (e)
cutting; (f) unclzmping and putting~away. Examples of break-off points in an
operation which may be designated as reading points in the time study of an
operation are: a distinct sound, tool transfer, or movement of materials;

(f£) The number of observg}ions required to attain a certain degree of
accuracy should be estimated.13/ As a general rcule, there should be no less
than ten observations per operation. As in the case of ratio delay studies,
the observations should be randomly spread over a period of time;
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(g) Random observations should be made of the operation under review.
Tne pucpuse of this is te determine the elapsed time per element of the oper-—
ation. There are two ways of recording this:

(1) Using the snap-back method. The sweep hand of the stop watch 1is
put back to the zero point at the end of every element and as
soon as the elapsed time has been recorded;

(ii) Using the continuous method. In this case, the element times
are recorded with the stop watch running without interruption
throughout the operation. To obtain the elapsed time, each
reading must be subtracted from the preceding one.

Each recording method has its pros and cons. It is probably best to start
with the snap-back method, switching later to the continuous one;

(h) The average cycle time that has elapsed for each element should be
computed.

Figure 32 shows a completed time study form for a small-scale door manu-
facturing firm. The snap-back method of recording elemental times was employ-
ed in seven rounds of observation.

By this point, the reader may have concluded that time studies can only be
applied in furniture manufacturing operations that are highly repetitive and
cyclical. They can, however, be applied in a highly intermittent manufact-
uring operation using a variation of the eight steps outlined above. For
non-cyclic time studies, the procedures are as follows:

(a) Note is taken of the element of work being performed by the worker;

(b} While this action is being observed, the reading point is decided
upon;

(c) The time value at the rezding point 1is recorded while the worker con-
tinues his work;

(d) The time cstudy is continued until the job is finished;
(e) F m the time studies, a survey sheet may also be compiled, unneces-

sary actions being expressed as percentages of the total time taken to do the
work.

Establishment of time standards

After completing the observations and computing the average time for each
element of the manufacturing operation being considered, the owner—manager
will be in a position to analyze the results prior to establishing standard
times. In making this analysis, questions such as the following should be
asked: Which of the elements observed can really be termed productive? Can
methods engineering help to reduce the average observed times of the most
timc-consuming element? The proper response and follow-up to these questions
can further improve the firm's productivity level.

A look may now be taken at the task of establishing the standard time for
the operation under review. Standard time is the total time that should be
takzn for a qualified worker to complete a job, working at a regular pace aund
using established methods. The components of standard time are depicted in

figure 33, Before proceeding further, however, some of the terminology
employed must be clarified.




Figure 32.

Example of a completed time study form

Study No: 3 Sheet No. 1 of 5 Elapsed time: _20 Drawing of the workplace: 8 "
Department: Parts preparation e » ~§
Product/Part: Door stiles No. ] S
Materials: 2 g it
Operator: Skill level: ° Y S\
Oparation:” _Cutting operation A ‘s it
Machine: Radial-arm saw ° - %
Tools and gauges Jigs and fixtures ® 2 u
Charted by: Date: Checked by: Date: o g >
_—- —_— —_ — & z <
Element P
No. Element description 0.T.| R | o.T 0.T. 0.T. 0.T. 0.T.| R.[oO.T.
1 Fetching waterials from pile 3 2 3 318/ 3 3 2 16| 6| 2.7
2 Measuring materials and
accessories against
specifications 10 15 10 10 12 10 10 77 7111
3 Positioning wood materials
in table 5 8 6 5 5 6 S 401 7| 5.7
4 Setting up and clamping
machine 3 3 3 2 3 4 3 21 7 3
S Cutting 30 32 31 30 30 31 30 214 | 7/ | 30,6
6 . Unclamping and putting away | 10 9 10 10 8 10 10 67 7 9.6
)
Totals: 62.6
Note: O.T. = observed time = rating factor. All time readings expressed in seconds. Snap~back recording method uased.

a/ Omitted from computation of average cycle time as operator checked with supervisor (an activity foreign to this element) at

about the midpoint.

-gL-




- T6 -

Figure 33. Establishing standard time for a simple manual job
. Rating Contingency Relaxation
bserved time
Obse factor allowance allowance
. o
- Basic —
3 )
time [
IS
-
O~
[
Work E o
content S

Standard time

Source: International Labour Organisation, Imntroduction to Work Study.
3rd ed. (Geneva, 1979), p. 271.

Note: In this case, the job was performed at a pace more rapid than
standard.

Observed time. This refers to the time taken for the performance of an
element of the operation or of the entire operation. The time studies will
yield this time. In the example given in figure 32, the overall average
observed time for the door-stile cutting operation, using the radial-arm saw,
is 62,6 seconds.

Rating factor. This is an increment that is added to the average observed
time. It is the result of a subjective comparison between (a) the pace at
which the observed worker performs the operation and Zb) the observer's pre-
conceived idea of a standard level of performance.l_/ In practice, making
such comparisons tends to be complex, since there are few, if any, solid
grounds upon which to base the concept of a standard level of performance.
Although rating scales are obtainable, management and workers in developing
countries are still at the stage of informal debate regarding the suitability
of such scales in their own specific situations. If the owner-manager has aad
solid previous experience supervising a furniture manufacturing firm, or has
been running his own firm for some time, he may be in a position to rate the
pace at which a worker can perform an operatiocn, An example of a rating scale
that lends itself e¢asily to adaptation is one that rates a worker at O if no
activity is performed; at 50 if he performs slowly; at 75 if he does the work
unhurriedly, but at a steady pace; at 100, the standard rating, if he does the
work in a professional, business-like mannger with an eye to quality and
accuracy; at 125 if he is very fast; and at 150 if he is exceptionally fast.
Combining the average observed time with the rating factor gives the basic
time for the job. In the door-stile cutting example, the basic time 1s esti-
mated as follows:




—

- 17 -

Average observed time x Rating factor _ 62.6 x 125 _ 8.2 5
Standard rating 100 :
This basic time is the time it would take to cut the door stiles, using a sub-
jective rating of 125, if the worker were performing at a standard pace rather
than at the faster one shown here. The basic time for all the elements of the
operation can be estimated in a similar fashion, and this will be needed if
the elements throughout the entire operation are performed at varying speeds.

Basic time =

~d

Ouce the basic time has been estimated, the work content of the operation
under review can be estimated. This, in simple terms, is the basic time plus
the time allowances permittaed by the €irm. Two of the more common allowances
are a relaxation allowance and a conti igency sllowance.l6.

The relaxation allowance is interded to provide the worker with the oppor-
tunity to recover from the physiological and psychological effects of carrying
out specified work under specified conditions, and to allow time for attention
to personal needs. The amount of time allowed will depend on the nature of
the job.

The contingency allowance is a small time allowance which may be included
in a standard time to cowpensate for legitimate and expected delays, the
precise measurement of which would be uneconomical because of their infrequent
or irregular occurrence.

After providing for these and other permissible allowances that may be
made in extraordinary circumstances, the standard time is estimated, due con-

sideration being given to other "unavoidable" delays which may be inherent in
the operation under review. In the example of the small-scale door manufac-
turer, the observer made the following relaxation allowances fer the door-
stile-cutting operation (expressed as percentages of the basic time): basic
fatigue allowance, 4; standing allowance, 2; working conditions (including
fumes and dust) allowance, 6; noise allowance, 5; monotony allowance, l; and

tediousness allowance, 2. A 5 per cent contingency allowance was also pro-
vided. The standard time was then established as follows:
(a) Average observed time: 62.6 seconds;

(b) Basic time: 78.25 seconds;

(c) Total relaxation allowance: 20 per cent of the basic time = 15.65
seconds;

(d) Contingency allowance: 5 per cent of the basic time = 3.9 seconds;
(e) Special allowances: nil;

(f) Standard = Basic + Relaxation + Contingency + Special Total
time time allowance allowance allowance
= 78.25 + 15.65 + 3.9 + 0 = 91.8 s

(1.53 min)

The standard times for some of the highly repetitive steps in the manu-
facturing operation can then be used in estimates of direct labour costs and
in the preparation of incentive schemes. (Note: plotting the standard times
prior to full implementation is recommended.)
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Standard times; costing and incentive schemes

The standard times resulting from the tiwme studies will De useiul in
product costing activities, especially ir estimating direct labour costs. To
take again the example of the small-scale door manufacturer: assuming he is

working on a combined job-order and rigid-type mass production operation, and
that door-stile cutting using a radial-arm saw is relatively repetitive, then
he can use the standard time to estimate, in a more confident manner, the
labour costs of all job orders inv:lving door-stile cutting. This is accoar
plished simply by ccoverting the time unit values of standard times to their
monetary equivalent, on the basis of the wages of the worker doing the job.

Let it be assumeX that in the case of the door-stile-cutting operation,
the standard time of 1.53 minutes is equivalent to IC 1.00. Thus, if a job
order came in and door-stile cutting was part of the manufacturing process,
the owner-manager could charge IC 1.00 every time the operation was performed.
Let it be further assumed that after the job order has been completed it 1is
found that this relatively fast worker (who was rated 125 in the standard time
derivation exercise) spent on average of only 62 seconds performing each door-
stile-cutting operation, thea it may be said that the firm saved in terms of
direct labour costs. These savings can then be used as a basis for providing
incentives for the fast worker. Wage incentive schemes are designed to
provide workers with the opportunity to earn proportionately higher incomes
through greater efforts on the shop floor. Among the various schemes that are
popular with small-scale furniture manufacturing firms in developing countries
are: piece-rate; piece-rate with minimum base; and profit-sharing.

Piece-rate scheme

This type of wage incentive scheme pays workers a predetermined and
constant amount (rate) per unit ( _ece) of output. This rate may be estimated
using either the hourly workers' rates (here, the use of standard times is
inevitable) or the appropriate amount per piece completed. The latter tends
to be favoured by small firms, while the former is sometimes used for selected
operations in mediumto large-scale firms. Generally, however, tlie practice in
small firms of hiring a group of '“contract workers" (workers possessing
special skills and headed by an informal leader) to complement the existing
work force during peak production seasons, and the simplicity of applying
piece rates, have made this the most popular wage incentive scheme. Owner-
managers using it should review the rates periodically. If they are high
enough to assure the workers a fair return for their output, this will moti-
vate them to increase their efforts and productivity. Conversely, low rates
will have the opposite effect - if workers feel thet they can never attain a
wage level compatible with their n:eds.

Piece-rat- with minimum base

An improvement on piece-rates, this scheme guarantees a minimum income for
the workers if certzin conditions (i.e. the production quota) are met, and ad-
ditional pay if they are surpassed. Owner-managers using this scheme should
establish a wage level on the basis of the production output which, it is
estimated, can be atteined by average-tempo workers applying the production
standards resulting from the work measurement exercises. For productive work
performed in excess of this estimated output, the worker will be given ad-
ditional compensation. An example of the application of this scheme is pro-
vided by “he finishing department of a folding-chair manufacturer catering to
the domestic market. The estimated hourly output per finisher is 15 pieces.
One finisher claimed that he completed 150 pieces in an 8-hour day. His base
pay for that day will have to be increased by a fraction, computea as follows:
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Actual production _ 150 pieces - 150 _ 425
Estimated production 8 hours x 15 pieces/h 120

Thus, if he is paid a flat piece-rate wage of IC 1.50 per hour, increasing the
estimated output by 25 per cent would allow him to earn 1.25 x 1.50 = IC 1.88
per hour. If on the next day, however, he finishes only 100 pieces during the
eight hours, his hourly rate for that day will still be IC 1.50, because of
the guaranteed minimum base.

Profit-sharing scheme

This wage incentive scheme is popular with small-scale furniture manu-
facturing firms that are managed as industrial co-operatives. Here, an esti-
mated production output is set, and if the worker or group of workers attains
a much higher output, the rewards are shared by workers and employer.

Jther incentive schemes can be devised for situations where individual
output (the basis of most popular schemes) cannot be measured. Such schemes
may include the payment of a percentage of: savings on rejects; savings re-
sulting from a cost-reduction idea put forward by the worker; or savings re-
sulting from energy conservation activities,

In selecting the appropriate incentive scheme, the cost-minded manufac-
turer should bear in mind certain factors, among them the following:

(a) Th2 scheme should be implemented without sacrificing quality, reli-
ability or safety;

(b) The related clerical work should be kert to the minimum;

(¢) The functioning of the scheme must be understood by all the workers.
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11, C0ST ACCOUNTING AND VALUE ANALYSIS

Cost accounting and value analysis have always constituted weak spots in
the management of small-scale furniture manufacturing firms in developing
countries. The owner of one of these firms was once heard to say: '"Of course
we realize the importance of applying value analysis so as to reduce the unit
costs of our products. But our cost system is so topsy-turvy that we cannot
properly determine the cost items for all of the functions involved in the
wmanufacture of our products." This is a typical case.

Some owner-managers are aware of the importance and usefulness of value
analysis in improving their product designs, and to some extent tueir pro-—
cesses, Owing to poor cost accounting practices, however, the benefits of
value analysis have never been fully realized by them.

Cost accounting, for the purposes of this manual, means the compilation
and study of all estimated and actual costs chargeable to a specific business
transacticn, for the purpose of measuring, controlling and planning managemeut
activitics. (By estimated costs is meant those costs assumed prior to consum—

mation of the tramsaction; by actual costs is meant the costs as they are seen
following consummation of the transaction,)

Value analysis, on the other hand, is a natural outcome of an effective
cost accounting system. It involves a continuing process of equating :costs
with functions of products, with a view to simplifying the product and improv-
ing the profit without unduly sacrificing quality or reliability. Cost ac-
counting, the:efore, is concerned with the question "How have we done in this
business transaction?”, while value analysis is concerned with "How should we
do it next time?"., It may be acrgued that cost accounting should be enough to
ngal with both issues. This is definitely not the case, however. Cost ac-
" counting essentially captures the variances between the initial cost estimates
and the actual costs and should improve the firm's ability to cost-~estimate
subsequent business transactions. Value analysis generates alternative ways
of approaching a business transact.on, by determining the possibility of drop-
ping a cost item related to a particular function of the product in order to
enhance the profit posture of the succeeding business transaction - without,
however, sacrificing quality and reliability. In the firm, cost accou.iting is
in the area of budget and finance, while value analysis is in the area of
production management,

Costing in small furniture manufacturing firms: misapplications

Costing a given job or business transaction in a small firm in a develop-
ing country should be a closed-loop process, as depicted in figure 34. In
theory, it starts after the customer has specified the products he requires.
The firm's cost estimator - in most cases, the owner-manager himself - esti-
mates the required production inputs - raw materials, labour, overheads etc. -
and, on the basis of historical trends, estimates the costs that will be in-
curred. After these inputs have been acquired, manufacture of the furniture
products is set in motion. From the time the production system is loaded with
this job, until its completion, various costs will be continually accumulated,
These represent the actual costs involved in the transaction. The variances
which can be derived by comparing the original cost estimates with the actual
costs should be used to increase the precision of future cost estimates,
orders and contracts,
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Figure 34. Costing as a closed-loop process

From customer
(job specification)

1 i . Determination of
Cost estsmatxng Improvements in erminatio
Proce.ure i ¢ cost estimating (cost estimates Vs
based on historical processes .
costs actual costs)

Actual cost
accumulation
(allocation of
costs)

Production system
(produce the furmiture
pieces required)

Nota: The arrow denotes the sequence Feedback has been omitted for the
sake of simplicity.

In practice, however, costing is rarely a smooth process, as will be seen
from tice following two real-iife cases.

The onwer-ranager was the primary cost estimator of Company A, a firm pro-
ducing teakwood furniture preducts in a developing country. His brother acted
as the informal purchasing and materials manager. In costing the products,
the owner-manager sometimes had to rely on his intuition regarding the price
of certain raw mateiials. One day a customer demanded a product quotation.
The purchasing aud materials manager was away at the time, but the owner-
manager felt that as he was senior to his brother in the firm, by two years,
he could estimate the price of the groducts required, on the basis of his own
experience. Ti. ee months af:ier the transaction had been completed, the firm's
bookkeeper reported that a gross unde:r—estimation of the material costs had
resulted in the loss of more than IC 10,000 for that transaction alone,

Company B specialized in making office furniture. After completing a
contract, the owner-manager was interested in finding out how much money he
had made on the transaction. The part-time bookkeeper informed hkim, three
weeks afier delivery of the products, that they had made a cash prof:t of IC
2,000. The owner was shocked: this represented only 5 per cent of the total
contract amount, and he had been anticipating a net profit of some 10 pex
cent. The bookkeeper insisted, however, that the firm really had made money
on the transaction, as an estimated IC 12,000 worth of raw material left-overs
were still on the prem ses, and these coulc either be scld or re-used to gen-
erate additional net cash profic. 'But, as I do not have a contract to use
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such materials, nor a ready buyer tor them, what do I do wich them?”, asked
the owner—manager. The production supervisor then pointed out that the mater-
ials were obstructing current production activities.

Basic costing; cost accounting principles and terminology

As cost accounting is a broad field, this manual must necessarily confine
itself to those concepts and principles that are peculiar to small-scale
furniture manufacturing. The cost of any furniture product generally covers:
direct materials costs; direct labour costs; and overhead costs. Each of
these in turn has two principal features: quantity and price.

Direct materials costs

These cover the cost of materials incorporated in the product, and measur-
able as such. Certain minor materials (e.g. glue or nails) may be counted as
supplies or indirect materials because of the impracticability of identifying
them with specific units of the furniture product. Moreover, the unit cost

may be too insignificant to be measured as a direct materials cost - in which
case it should be classified under manufacturing overheads as an indirect
materials cost.

Direct labour costs

These cover the labour costs directly traceable to a specific product,
e.g. the salaries of machine operators and assemblers. Labour costs that can-
not be linked to specific products are included in manufacturing overheads as
indirect labour. indirect labour includes storemen, foremen, drivers, clerks,
inspectors, and managers.

Overhead costs

Overheads in furniture manufacturing consist of: manufacturing overheads;
administrative overheads; and selling overheads. The owner-manager should

have a methodology for relating these expenses to his furniture products or
job orders.

Manufacturing overheads are composed of cost elements that cannot be
charged direct to the product or job order - e.g. indirect materials, indirect
labour, depreciation of machines and equipment, repairs and maintenance, fac-
tory insurance, and light and power.

Adminigtrative overheads, also called general overheads, cover executives'
salaries and the costs of administrative activities, as well as retainer fees
for free-lance designers and management consultants, the salaries of secretar-
ial staff, drivers, a part-time accountant and auditor.

Selling overheads refer to expenses incurred in marketing or selling the
furniture products, e.g. advertising, promotion, transportation, or the paying
of commissions.

With respect to the behaviour of the various types of overhead costs, as

they relate to the volume cf production, the following broad classification
may likewise be used:
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Fixed overhead costs. These cover items such as executive salaries, deprec-
iation, insurance, and real estate taxes. They tend to remain constant re-
gardless of the volume of production.

Variable overhead costs. These cover supplies, power, indirect materials
etc., and tend to increase as the volume of production increases.

Figure 35 shows a typical cost breakdown. The prcblem of allocating over-
head costs is a common one to the management of most small-scale furniture
manufacturing firms. Some manufacturers tend to side-slip the issue by dele-
gating the responsibility to the company accountant, or, in the absence of the
latter, by simply plucking a percentage figure "out of the air'. How, then,
should the overhead costs be allocated to a firm's products, or to the various
job-orders processed? Generally speaking, the apportioning of overhead costs
starts with the determination of & single factor which can be considered
common to all the furniture products manufactured - a factor whose values will
change directly with respect co the amount of overhead chargeable to the pro-
du~ts. This factor may be, among other things, the cost of direct materials;
the cost of direct labour; or the cost of machine hours. The task of allocat-

ing overhead costs tends to increase in complexity, therefore, as the varia-

bility of the furniture products increases. (This is discussed further below
under "cost accounting methodologies".)

Figure 35. Cost breakdown and costing terminology

Direct materials| Direct labour
cost cost
+
. Manufacturing
——— Prime cost ———————Pp»
overhead
+
Fact ¢ Administrativ
ory cos »
ac y overhead
+
Manuf . Selling
P
anufacturing cost A’overhead
) Total cost S o

If a continuous type of production system is being used, wherein materials
are the most substantial cost items and common to all products - as in the
case of furniturz manufacturing - the overhead rvate may be based satisfac-

torily on the quantity of direct materials used. This is known as the direct
material mode of allccating overhead expenses.

Similarly, if the products, equipment and wages are comparatively uniform,
the overhead expenses can be allocated on the basis of direct labour costs.
For example, if the total overhead cost is IC 50,000, and the direct labour
cost comes to the same amount, then an overhead rate of IC 1.00 can be employ-
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ed per IC 1.00 of direct labour costs chargeable to a product. This 1is apctily
called the direct labour metinod of allocating overhead costs.

The direct labour hours method is applied when the type of work and the
pay rates are sufficiently standard to permit the distribution of overheads on
the basis of the total number of hours spent on the job. Thus, if on average
the overhead costs IC 0.50 per man-hour, a 100 man—hour job would total IC 50
in overhead expenses. The distribution of overhead costs may not always be as
simple as illustrated here, but the experience gained with each job will help
in refining and improving procedures for the future.

Cost accounting metinodologies

As mentioned earlier, the coverage of cost accounting in the present pub-
lication is limited to those systems commonly employed in small-scale
furniture manufacturing firms, i.e. job order and contractor batch costing.
Within those limits, the focus is further restricted to costing relating only
to manufacturing, 1i.e. direct labour, direct materials and manufacturing-
related overhead expenses.

Job order costing

This system of cost accounting is used when a specific job is required by
a specific customer. The costs of raw materials, direct labour and factory
overheads applicable to the job are compiled and divided by the number of
finished units, in order to arrive at average unit costs. Job order costing
is used by furniture manufacturers whose products are readily identifiable by
individual unit or batch, which receive varying degrees of attention or skill.
Sometimes selling and administrative overheads are charged to job costs, as a
percentage of manufacturing cost, in cowputing the total job cost.

Where this system is concerned, the job itself is the focal point for cost
identification and accumulation. Three basic types of form are used, as
illustrated in figures 36-39, viz,: Job Cost Sheets (for both department-
alized and non-departmentalized firms); Materials Requisition Sheets; aund Job
Time Tickets.

The costs assigned to the jobs passing through the firm are initially
recorded on the Job Cost Sheets. From an accounting viewpoint, these sheets
represent individual pages in a subsidiary cost ledger. As a rule, each sheet
is divided into sections coveriag materials, labour and overheads. These
three elements are costed separately. The sheet also provides for recording a
summary of the costs involved, as well as determination of the unit costs.

Materials requisitions provide the basis for charging direct materials to
a job. In the Materials Requisition Sheet, space is provided for a descrip-
tion of the materials used, along with the quantities issued and the unit
costs.

Job Time Tickets are used for charging direct labour cost to a job. Each
worker has one time card for zach job. The wage rate and the total hours put

in by the worker are entered in the Job Time Card along with the corresponding
costs (see again chapter VI).

In job order costing, the predetermined overhead rates obtained through
forecasting or estimating are used in allocating che appropriate factory over-
head rate to a job. This rate can be more precisely determined by: (a) com-
puting total overhead costs for the job; (b) selecting a measure of activity;
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2lized small-sca'e

furniture manufacturing fim

JOB COST SHEET

For

Order No.
Proauct Quanzity
Date wantecd Date startec Date completed
Direct materials | Direct labour Applied overhead
Requisition Time card .
Date 4 No Amount Date No Amount Basis Wage | Amount
- |

Summary for order No.
Direct materials
Direct labour
Applied overheads
Total factory cost
Factory cost per unit
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Figure 37. Job cost sheet for a departmentalized small-scale
furniture manufacturing firm
JOB COST SHEET
For Order No.
Product Quantity

Date wanted

Date started

Date completed

Direct materials

Requistion . Cos
Date | Department w© Stores No. Quantity t per Total
No. unit cost

Direct labour
Time card . Hours or Tota
Date Department Descraiption . Wage 1
number pieces cost
Applied overheads

. Tota
Date |Department Basis Wage !
({134

Summary for order jio.
Nirect materials
Direct labour
Applied overheads
Total factory cost
Factory cost per unit
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Materials requisition sheet

MATERIALS REQUISITION

Date

Requisition No.

For

Product order No.

Department

Roquesied by

Stores uantit .. uantit Unit
q Y Description Q. y Total cost
No. requested 1ssued cost
Received by: Date:




Figure 39. Job time cardd

JOB TIME CARD

Name Card No.

Department Clock No.

Date Production Machine Time Time Total Wage Total
order No. number started stopped hours rate cost

No. of pieces finished:

Approved by:

by the worker fcr each production order number.

employing piece-rate wage incentive schemes.

a/ The back of this form may be used to itemize the type and number of pieces completed
This is particularly appropriate for firms
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and (c) dividing the overhead costs by the measure of activity to compute the
overhead rate. As noted earlier, the overhead rates for various furniture
manufacturing activities can be measured by using one or more of the follow
ing: direct labor costs; direct labour hours; machine hours; or prime cost.

The use of predeterminec rates raises the question, however, of what to do
with the difference between t.» overhead applied to production and the over-
head costs actually incurred. If the latter is less than has been estimated,
a balance of overhead will remain not charged to the job. This is known as
undercharged overhead and may be carried as additional asset value in inven-
tory, as it may tend to fluctuate from month to month. Conversely, if the

actual overhead exceeds the estimated one, the result will be an overcharged
overhead.

Inevitably, at the end of the year, there will remain some difference
between overhead incurred and overhead applied. In reporting net income for
the year, on the basis of costs actually ircurred, the final net difference
(either over— or under-charged) will be considered an adjustment to the cost
of goods sold as reflected in the profit-and-loss statement.

Although job order costing can be a convenient and useful system to apply
in even very small furciturs manufacturing firms, it must be realized that its
successful application entails a considerable outlay on clerical help. It is
important, therefore, that job order costing be used only at the appropriate
level cf production and when the related expenses can be kept as low as pos—
sible,

Contract or batch costing

In contract costing, labour, materials and other costs are considered
direct contract costs, overhead expenses being charged to contracts as appro-
priate. The actual cost of the contract may be compared with the budgeted or
estimated costs as a means of checking the profitability of the job; the ef-
ficiency of the operation; or the accuracy of the estimates. As a rule, pro-
fits are ignored on contracts not yet completed., It is advisable, however, to
credit part of the profit earned each year to contracts that will last for
several years, in order to avoid profit fluctuation. Batch costing is also
job costing for a group or batch of identical products.

The value analysis concept

Earlier in this chapter, the relationship between cost accounting and
value analysis was discussed, Value analysis, moreover, was defined as a con-
tinuing process of equating costs with product function with a view to effect-
ing product simplification and increased profit without un‘ue sacrifice of
quality or reliability. Although value analysis is not a new concept, its
application in small-scale furniture manufacturing firms in developing
countries has been relatively slow to find acceptance. This trend, however,
may not last, because of the cost-price "squeeze" being felt in most develop-
ing countries: the market of the future will demand that quality furniture
products be delivered at minimum overall cost.

At this point, the resemblance may be noted between value analysis and
methods engineering or even work study process, both of which lead also to
productivity or profit improvement. The basic difference between value analy-
sis and work study lies in the fact that the focus of the former is on func-—
tions, while that of the latter is on methods. The following may be said of
any value analysis initiative taken in a furniture manufaccuring operation:
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(a) It is a systematic and creative approach to cost reduction;
(b) It pinpoints areas where excessive and unnecessary costs are incurred;

(c) It enriches the value of the product in general as well as the
value of each of the components;

(d) It will generate the same, if not better, product performance at a
relatively lower cost;

(e) It does not sacrifice quality or reliability.

Value analysis methodology

In conducting a value analysis exercise in a furniture manufactuiing firm,
a series of five steps may be employed. This five-step process, which ought
to lead to product improvement, is depicted in figure 40.

The basis of value analysis is that well-known technique called “brain-
storming”, This features group participation in the speedy generation of a
spectrum of ideas for tackling a specific problem. (Here, again, is the

opportunity to seek the co-operation of the work-force.) For wmaximum results,
the following sequence should be adopted:

(a) The problem statement is formulated;

(b) The members of the brain-storming panel are carefully selected. (It
should never be assumed that membership must be restricted to the firm. Qut-
siders such as suppliers or government-sponsored industrial extension officers
can be invited to participate.);

(c) The panel members are given 10 to 20 minutes to note down their ideas
on the problem;

(d) The panel member: are encouraged to continue generating ideas while
each in turn presents his own. As the aim is to generate as many ideas as
possible, even seemingly unrealistic ones should be welcome, No idea should
be criticized. The combining of ideas should be encouraged;

(e) The ideas are subjected to an initial screening (only after step (d)
has been completed). Should the results of the first brain-storming session
be unsatisfactory, another one ~ this time using a more refined problem formu-
lation - is scheduled,

Brain-storming aside, it will be recalled that systematic value analysis
involves five basic steps, as depicted in figure 40: search; speculate;
analyse; decide; and execute.

1. Search. The search step consists of information gathering and function
defining. Assuming that a group has already been assembled to brain-storm a
particular furniture product, the first stage of the search activity will be
to present all the appropriate background information to the panel -~ informa-
tion on cost manufacturing; intended use by customer; inventory 1levels;
materials billing; flow process charts; flow charts; time studies; and the
like. Upon conclusion of this, the panel prepares for the next stage: func-
tion definition. It must be borne in mind that there are four types of func-
tion: wutility or use function; aesthetic or attractiveness function; possess-
ion (pride in possessing) or esteem function; and resale or trading Zunctionm.

Small-scale furniture manufacturers will be concerned mainly with uctility and
aesthetic functions.
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Figure 40. Value analysis methodology (brain-storming technique)
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Functions can alsc be categorized as priawaiy, secondary and tertiary, how—
ever, thus giving an idea of the priority standing of each function. When
defining the functions of a product or its individual components, only two
words - a verb and a noun - should be employed. For example: a felt black-
board eraser, designed for the removal of chalk markings, would have the
function: erase writing". It is important that the function be defined in
this manner 1n order to avoid, from the earliest stages, confusion regarding
combinations of functions. Likewise, as a rule, the functions of a product or
of its components should be precisely defined. In applying this definition of
functions to furniture products, care should be taken that the various func-
tions of the parts of the products are likewise specified and that the proper
cost estimates for each component are equated with the function of the compo-
nent,

Figure 41 illustrates the result of the search step in a value analysis
exercise carried out on an ordinary felt blackboard eraser. It will be readily
observed that the wain function: "erase writing" can be delivere¢ at an esti-
mated cost of IC 0.30 when performed exclusively by the felt-strip component
of the product. This gives ample potential for product simplification and
improvement.

Figure 41. Example of search phaset value analysis of a
blackboard eraser
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The successful conduct of the search step is sometimes inhibited by:
inadequacy of the facts gathered; basing decisions on beliefs rather than on
facts; and i1mprecise definition of function.

2. Speculate. This step involves the systematic consideration of the various
options open in delivering the function to the customer. Before the panel
generates option ideas, however, through a brain-storming session, the follow-
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ing questions should be answered: "Is this function necessary?", "How else -
other than the way in which it is being done today - can the product deliver
this function?", "Which product czomponents do not make a significant contri-
bution to the main or primary function?" and the like. The owner-manager, in
speculating on alternative ways of delivering tte intended product function,
should set targets for the brain-storming panel, e.g. reduce the cost of the
components by 50 per cent. This may force the panel to enter areas hitherto
unexplored. It must be remembered that the aim of the speculation exercise is
to find out: '"What else can perform this functiom?".

3. Analyze. This step is concerned with the analysis and weighing of all the
idedg_zg%iacted at the previous step with regard to cost implications, func-
tion and feasibility. At this step (a) monetary values are assigned to the
ideas and (b) the value or contribution of the ideas is questioned. At this
step, the intention is not to eliminate ideas, but to analyze them with a view
to determining or enhancing their feasibility and workability. Should the
brain-storming sessions have led only to the generation of "conceptual” ideas,
the details of these ideas should still be worked out prior to taking the next
step.

4., Decide. This step contains two sub-steps: additional information; and
decision/promotion. A4s mentioned in the discussion of the "Analyze" step, the
workability of an idea needs to be assured. At the first sub-step, special-
ized advice should be sought on those issues which need clarification prior to
deciding to implement an idea. The decision/promotion activity implies exer-
cising judgement in choosing an idea and planning a campaign to enlist the

support of those workers who may be affected, directly or indirectly, by the
final decisiom.

5. Execute, At this step, each promising idea is appraised and evaluated.
During the evaluaticn, additional information may be generated and used to
improve on the original idea. The panel can then decide on the appropriate
action to be taken for each idea so evaluated. Recommendations for actiom can
include: dropping the idea; shelving it for a number of years; implementing
it in the next batch; or implementing it immediately. The execution step ends
when the likely outcome of an idea - bLetter produc- design, cost reduction,
improvement in current practices and methods etc. - has been determined.

Applying value analysis

From the preceding discussion, it will be clear that the application of
value analysis in a furniture manufacturing operation calls for:

(a) The setting up of a panel with its own rules of procedure and terms
of tenure, which will be principally responsible for the value analysis exer-
cise, Membership may include the staff of the firm and others in a position
to contribute to the improvement of the firm's products, practices and
methods. As a rule, those selected for the panel should have a questioning
attitude and be persistent, imaginative and teracious in their work;

(b) The establishment of a procedure for the systematic pinpointing and
review of high-cost items in the firm. Already existing cost-reduction pro-

grammes, suggestion-gathering arrangements and the like can be tied-in with
the value analysis effort;

(¢) The holding of regular panel meetings to evaluate the results of past
initiatives; discuss current projects; brain-storm on new prodicts or ideas
presented; and establish pertinent courses of action;
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(d) The conduct of value and function tests on the product and its com~
ponents to determine: (i) if their cost is proportionate to their value or
us:fulness; (ii) if there is anything better available that can be used for
th: same purposes; (iii) if thk>y can be produced at a lower cost by using
improved methods; (iv) if any other firm is producing the same product or com—
ponent for less; or (v) if standardized, marketable products can be produced;

(e) The keeping of thorough and accurate records covering all the ideas
put forward, the deliberations on them, suggestions for their improvement etc.
Reports on all projec:s - whether they have succeeded or failed - shculd be
filed. The reco.d of a project that has failed to generate usable results can
be kept to forestall future similar ventuves or to start a new project at the
point where the previous attempt began to fail.

Value analysis and cost reduction

When value analysis is first introduced, the panel members may suggest
that the exercise has been carried out before, tut under the heading of "cost
reduction". And, indeed, there would appear to be no significant difference
Yetween the two. Yet a difference does exist: it lies in the fact that value
analysis means sustained, planned charge while cost reduction means intermit-
tent, partially sustainable change. Value analysis can also lead to benefits
other than cost reduction. fhe most important of these is product standardi-
zation and simplification.}l

-l
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VIII. PRODUCTION PLANNING AND CONTROL

Scope of production planning and control

Production planning and control is the most important production manage-
ment function in any small-scale furniture manufacturing firm.

Essentially, it means the co-ordination, supervision and regulation of the
rate at which the various production inputs - materials, manpower, machine-
time etc. - are provided to the pruduction system in order to meet delivery

schedules et minimum cost. In a small firm, it encowpasses the following
tasks:

(a) Planning - forecasting sal2s, determining which products to produce,
the amount of materials required, the processes to be performed etc.

(b) Reuting - selecting the path through the manufacturing system which
the product (or job-order) must follow in order to achieve scheduled deliv-
eries at minimum cost. Here, it must be decided which machine to use and who
will use it.

(c) scheduling - preparing and monitoring production timetables and, in
cases of job-order production, scheduling the incoming job orders bearing in
mind the delivery requirements of other job orders on hand.

(d) Dispatching - authorizing the loading of a job order and sending it
to manufacturing. This simultaneously releases the raw materials, tools,
jigs, fixtures ctc. required for the manufacturing operation.

(e) Expediting ~ assisting or fostering the performance of the various
manufacturing operatioas, minimizing or eliminating ‘surprises” that may
develop along the way,

Production planning and control, therefore, acts as an interphase between
the market and the firm's production system, as depicred in figure 42. In
developing countries, the typical owner-manager of a small-scale furniture
manufacturing f rm tends to perform all the production planning and contrel
rasks besides the more functional ones invoived in day-to-day management of
the firm. In performing these tasks, however, he is seldom in possession of
all the information necessary to make correct decisions. The result is that
the goodwill of the firm suffers, as failin, tu live up to delivery commit-
ments is a sure way to lose cuistoriers.

A corollary to this unhappy practice is the pereistent reluctance ori gome
owner-mauagers to inform plant supcorvisors and workers of the prcduction
schedule (which is stored in his head). This situation can bring a firm's
production activity to a halt as the workers await instructions on what to
load next. This problem, which can severely drain productivity and resources,
can be rectified simply by setting up a production scinedule.

In order to simplify the explanation of what constitutes proauction plar-
ning and control in furniture manufacturing, the two functions are treated
separately below. In practice, however, they go hand in hand. Generally
speaking, production planning consists of: co-ordinating the production fuv.c-
tion with other areas of the business; determining what products to produce,
based on market study; calculating the quantities involved, based on sales
forecasts; scheduling delivery; programming requirements of materials, parts,
labour and facilities; and synchronizing the contributions of the finance,
personnel, purchasing, wmarketing and administrative sections to the




Figure 42. Production planning and control as an interphase
betwecn market and production system
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overall production activity. Production control, on the other hand, in-
volves: monitoring all activities within the production department, thereby
promoting effective shop operation; co-ordinating manufacturing activities in
line with production plans; routing, loading, scheduling, expediting and
following-up; identifying deviations from the production plan during the manu-

facturing processes; finding the causes of such deviations and suggesting ways
of eliminating them.

Production planning

Figure 43 shows a simplified production planning scheme for & small-scale
furniture manufacturing firm. Even simplified, the task of production plan-
ning involves a number of steps and requires inputs of various types of in-
formation. The process is seldom as systematic-looking as the one depicted,
as in most cases planning activities are performed and stored in the head of
the manufacturer. One consequence of this is that the manufacturer may give
in to changes of mind, with resulting confusion and frequent changeovers in
production loads. Moreover, a manufacturer with a2 lot on his mind is liable
to forget plans that he has only mentally recorded.

Production planniung commences with awareness of the production capacity of
the firm. Production capacity, in theory, is the maximum output that could be
produced if there were no such thing as internal and external constraints. In
reality, however, machinery, equipment and staff seldom operate without such
influence: hence the term "effective capacity”. This is always less than
production capacity, because of the physical, prcduct, process and human con-
straints that hamper the production of furniture products. Physical con-
straints may be the consequence of faulty plant location, layout, or materials
handling procedures, among other things. FProduct constraints may have their
roots in, for example, standardization and simplification efforts; the number
of product lines or designs carried; or the quaiity and material requirements
attaching to the products. Human constraints may be related to work methods;
labour intensity; morale; working conditions; compensation and remuneration
patterns; and the level of experience of the workers.

The effective production capacity of the firm acts as a "filter", separa-
ting jobs that can be accommodated on a one- or multiple-shift basis from
those that might be sub-contracted to other firms. In intermittent furriture
manufacturing operstions, effective production capacity is generally expressed
in terms of production hours. In continuous operations, it is expressed in

terms of quaatities per unit of time, e.g. 200 school aesks per month. Thus,
effective production capacity should be generally in accordance with

production forecasts. The primary source of information for intermittent

operations is the job-crder, while that for continuous operations is the sales
forecast.

Preparing production plans

On the basis of technical drawings, product specifications and/or a sample
product, the total materials requirements are estimated. Initial estima*tes of
raw materials (divect and indirect) should allow for spoilsge, wastage, r-oro-
mic quancity o:dering, re-order points, offcuts, existing inventory, and the
like. At the process planning stage, the types of machinery needed to manu-
facture the product, as well as the estimated machine-hcurs required per
process, are listed. Similar jobs carried out in the past will serve as a
basis for the initial estimate nf total machine-hour requirements., This esti-
mate may be adjusted later to compensate for such factors as potential machine
breakdown, repairs, powev supply irregularitizs, and availability of operators.
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Figure 43. A simplified production planning scheme
for a small furniture manufacturing firm
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Fiocess planning 1s foliiowed Dy man—hour pianning. This process begins
with the identification of all the areas of production where manpower inputs
will be required. Man-hour estimates may be made using rough standards based
on workers' experience levels and records of absenteeism, moodiness, tardiness
etc. In some cases, man~hour planning is much simpler than process planning,
because more than one worker may be assigned to a machine. The data provided
by the materials billing, process planning and man-hour planning procedures
will serve as inputs to the preparation of a "master schedule board" which
should contain all the relevant information that is available regarding job
orders on hand or in process, jobs to be completed, and so on.

From sales forecasts to production plans

Iu continuous manufacturing operations, the sales forecast is the basic
information input to the fcrmuletion of a production plan. Sales forecasting
refers to the ability of the owner-manager to plan in advance — by estimation
and calculation - the future sales volume of the firr and the resources and
activities needed to attain it. The increasingly scientific methods of esti-

mating future sales have provided small-scale furniture manufacturers with a

more sure approach to setting sales goals. Although the results of these
initiatives may still, in many cases, be mere "guesstimates", such forecasting

is vital to the preparation of the firm's budger and production plans. But
how does one prepare a sales forecast?

A variety of techniques are available, ranging from the highly intuitive
to the highly scientific. Simple approaches consider only a firm's production
in relation to its share of the market, while more detailed approaches would
take into account the state of the economy and possible substitution by or of
the product manufactured. In the present publication, an attempt will be made
to introduce scientific, but simplified, forecasting procedures. No matter

which procedure is ultimately chosen, however, the following should be kept in
mind:

(a) Whenever possible, scientific methods should be used to process sales
forecasting data. When using the scientific approach, 'cause-and-effect"

relationships should be searched for which would justify - or not =~ the
results obtained;

(b) sales forecasting techniques should be used only as tools. They are
"true" only to the extent that they are based on assumptions;

(c) Sales forecasting experses should be kept to a minimum;

(d) The technique should be thoroughly understood by the user, who
should never, in any case, rely on the results of only one method;

(e) Results expressed in ranges are prefevable to absolute vaiues;

(f) Attempts should be concentrated on generating accurate forecasts for
the short term (some weeks or months). Long-term projections (e.g. 3 years or
more) should at best be considered mere prospects;

(g) The procedure should be subject to continuous revision and updating.

Figure 44 ghows the various factors that can have a positive or negative
effect on future sales volumes.
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Figure 44. Factors affecting future sales in small-scale
furniture manufacturing firms
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Sales forecasting techniques

The following forecasting techniques are particularly appropriate for
small-scale furniture manufacturing firms.

Executive judgement method

Essentially non-mathematical, this method begins with the firm's salesmen
being asked to submit their estimates of future sales. These are reviewed by
the salesmen's immediate managers, who may adjust them if 1t is considered
that the salesmen have tended to be too conservative in their estimates. The
final (managers’) estimates are then transmitted to a special committee
charged with drafting the final forecasts. (In very small firms, this func-
tion is assumed Ly the owner-manager.) The committee would likely be composed
of: the head of the marketing department; the head of the production depart-
ment; the company treasurer; the company president; and the companv secretary.
The committee reviewa, revises and adjusts the sales estimates in the light of
other factors that the selesmen and their menagers have not been in a position
to consider, such as: expected changes in product design; possible increased
use of advertising; probable adjustments in selling price; planned improve-
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ments in project quality; expected revision of marketing strategies; and
probable economic changes as a spin-off of changes taking place on the nation-

al scene. This final revision represents the official sales forecast for a
particular product.

Derived demand method

Also non-mathematical, this approach is particularly appropriate for sub-
contractors who depend on orders from another company. The sub-contractor's
forecast could be based totally on the sales projection figures of the other
company. For example, & small firm producing wooden cases for a bottling
company can base its sales forecasts on the sales projections of the bottling
company.

Market indicators method

Market indicators are economic factors that influence the demand for a
product. In using these for forecasting purposes, the main idea is to obtain
the increase/decrease rate of sales volume. This is especially applicable to
products that behave according to a specific marke: indicator. A difficulty
in applying the method, however, lies in the fact that some products are
directly affected by a number of market indicators. Amorg the wore common
market iandicators are: (a) population trends (population magnitude; birth
rates; death raes; marital trends; migration; age patterns); (b) comstruction
trends (private and public building); (c) foreign trade developments (import
and export activities); and (d) general economic conditions (increases in
gross national product, unemployment rates, inflation rates). In the case of
furniture manufacturing, the volume of constructioa activity in an area can be
an indicator. Marriage and birth rates can also be used, but these tend to be
weak indicators.

Arithmetic method

If a firm has been in existence for some time, sales projections can be
based on past sales data. The objective in using historical figures analysis
is to compute average increases or decreases for a given forecast period,
using the Simple Average Arnnual Increase (SAAI) .ystem, as rhown in the fol-
lowing example;

The annual sales record of a small-scale furniture manufacturing
firm is:
Sales
Year (thousands of IC)
45
52
39
42
65

W E W

Using the arithmetic method, the following computations
are obtained:

(thousands of IC)
Sales in year 5 = 65
Sales in year 1 = 45
Increase in 4 years' operation = 20

———
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Thus, SAII = 0.5 (obtained by dividing the
increase by the years of operation).

Sales projections

Year Sales

- (thousands of IC)
6 70
7 75
8 80

Year—-to-year change method

"~ _____ "~ - T

It will be observed that using the arithmetic method ~nly the last year
(5) and the first year (1) were used in projecting the sales volume. The
years in-between were virtually disregarded. In the year-to-year change
method, however, the changes (positive or negative) are considered for each
period, as shown in the following example:

Year-to-year

Sales volume change Percentage
Year (thousands of IC) (thousands of IC) change
1 45 (base year)
2 52 +7 +15.6
3 39 -6 -13.3
4 42 -3 -6.7
5 65 +20 +44.4
Algebraic sum +18 +40.0

Thus, the vear-to-~year change of + IC 18,000 for a period
of 5 years - or IC 3,600 per annum - can be used in projec-
ting the sales volume. The average annual growth at 8 per
cent (40,0 - 5) can likewise be used in forecasting sales.

The above are examples of possible techniques for sales forecasting. As
soon as the forecasts are finalized, the production plan can be prepared. At
this stage, instead of monetary units, the sales forecasts will have to be
expressed in production volume equivalents., This is accomplished by consid-
ccing the unit price of the product (for single-product firms) or the average
price of the product (for multiple-product firms) together with the sales
forecast results. Care snould be exercised when using the average price for
firms who.e prices vary significantly. Still another way of converting the
sales forecasts of multiple-product firms is to apply the percentage distri-
bution of each product line to the total sales volume generated in the pre-
vious year. These percentages can be used as the basis fo. determining the

contribution of each product line in succeeding years.

From job orders to production plans

Production planning for a continuous-type manufacturing operition is rela-
tively simple compared with that for a job-order production system. This is
primarily because planning per se tends to be more difficult in the latter
case. The basic information for the preparation of a production plan for .
job-order operation is entered in & production planning sheet, a model of
which is shown in figure 45.
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Figure 45. Production planning sheet for a small-scale
furniture manufacturing fiem

1.
2.
3.
4.

Job order No.

Customer

Address

Contact

5. Dare received

6. Volume needed

7. Other information

8.

Product specifications

8.1 Standard product lines
Additional specifications
(moisture content, finish-

ing modification etc.)

Conditions of delivery

8.2 Made-to—order products

Product design/technical
drawing

Breakdown of parts/
components and fittings

Additional specifications
(type of materials,

finishing etc.)

Conditions of delivery

9.

Materials list Unit

Quantity/piece | Total quantity required

1. Wood and lumber materials

2., Upho:stery materials

3. Hardware

4. Other
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10. Manufacturing processes for standard product lines

Machines, Estimated Estimated Tot al
Manufacturing processes Jigs, fixtures | machine—~hours | man-hours Machine | Man-hours
to be used required required hours
1
11. For made-to-order products
Machines, Estimated Estimated
Parts jigs, fixtures machiue machine Estimated Total
to be used set-up hours mau~hours

time needed for the trial run.

bote: The estimated machine set-up time includes tkh.

Materials

12, Adjustments estimates

(allowances for non-availability, rejection rates, scraps etc.)

Machine-hours (i.e. allowances for power failure, machine

breakdown etc.)

Man- hours

(absenteeism, tardialess etc.)

13. Prepared by:

15. Approved by:

14, Verified by:




—————
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The production planning sneet inquires (item 8) whether the product needed
is standard or made~to—order. 1If standard, then besides the materials (item
9), the manufacturing processes - including the machines and equipment needed
- will have to be listed in detail. In firms using relatively sophisticated
techniques, iIndex card., may have to be consulted when filling in the manufac-
turing processes columns (item 10). Th~ index cards should contain details of
all standard product lines carried by the firm. For non-standard products,

item 11 should be filled in. Various adjustments can later be made (if neces-
sary) tc allow for unexpected delays. Records of these adjustments will help
the owner-manager in future estimating of realistic delivery dates.

Again, in the more sophisticated, mediumrsized firms, a card detailing the
process flow of the product is prepared. This accompanies the components
throughout the factory, serving to inform workers about the next operation,
how the machine is to be set up, which jigs tc use etc. This card also states
the exact operation to be carried out on each machine, describing the special
tools or jigs that may be needed. A space is usually provided for the workers
to initial when an operation has been completed, or to list the starting and
finishing times of pieces machined if they are working ou a piece-rate basis.
A. a rule, this card is encased in a plastic folder bcaring a dimensioned

sketch of the finished component, enabling the operator to set the machine for
each operation.

After capacity, availability and other adjustment factors have been taken
into account, the scheduling pro-ess may be started. The objective of schedu-
ling in manufacturing, whatever the scale, is to prepare, allocate and make
available all the physical inputs needed in the ranufacture of goods or the
provision of services, 1n order to ensure that:

(2) All job orders are executed in the shortest possible time;

(b) Estimatzd delivery dates are based on reliable information;

(c) A continuous supply of work flows to each process; and

(d) Plant supervision can be kept to a minimum,

Figure 46 gives an example of a general production plan for a job-order
system. Such plans must not be too rigid; there should be leeway for any
revisions that may have be made if:

(a) A new product (or job order) is added;

{b) Changes are called for in the design <f a product (the iesult, for
example, of rationalization, standardization or product adaptation efforts,

cost effectiveness schemes o productivity studies};

(¢c) A need is seen to reduce production costs (through great«r utiiiza-
tion of existing facilities) or to minimize labour or materials costs;

(d) Processes, equipment or methods become obsolete;

(e) It is decided to introduce more effective supervision and production
control,

Plans may be revised through (a) periodic adjustments (in small plants that

change products and accept job orders at regular intervals); (b) coatinucus
adjustments (in small firms employing job—order systems with very short pro-

duction cycles); or (c) accidental adjustments (upon discovery, in the course
of production, of new or improved methods or processes).




Figure 46. Production plan for a job-order manufacturing system
First
Date Man- Machine~- Volume | machine
Job order Date of Quantity Materials hours hours per loading Production
No. received | delivery required required | estimate | estimate week date to date
\¥

- 90T -



- 107 -

Basic production control procedures

Basically, production control means regulating, synchromnizing and co-
ordinating all the activities involved in manufacturing in order that delivery
dates can be mer, plans implemented with optimum efficiency and economy, and
the right quality achieved using minimum capital investment. All furniture
manufacturisig companies, big and small, are beset by the following prodlews:

(a) How to satisfy customers' delivery and quality requirements;

{(b) How to reduce production costs, thereby lowering the price of the
product;

(c) How to maintain a minimum level of capital investuent;
(d) How to streamline the production cycle.

These problems sometimes seem insoluble, as they appear to be inconsistert
with one another. Salesmen and other marketing staff clamour for quick deliv-

ery, production personnel for more time, and financial staff for reduced
capital expenditures.

The basic eler~nts of a control system must be present in production
control. Figure 47 illustrates the basic production control coancept. Here,
subject to control is the rate of production that will permit the realization
of all delivery ccumitments at a relatively low cost. A daily production (or
accomplishments) report should be prepared in order to keep track of the day-
to~day rate of production. This report should tally with the production plan
(which outlines the desired rate of production). Deviations from the produc-
tion plan are recorded in a daily production variance report. . .ach deviation
must be explained by the persons responsible, who should, besides,take the
necessary corrective action. The production plan may sometimes need to be ad-
justed in the light of information acquired subsequent to the production plan-
ning stage. Production control is a continuous process of adjusting the
actual production rate to measure up to the desired one.

Very small firms may consider that the basic production control concept is
too sophisticated for their needs. In this event, a simpler approach could be
employed, based on the use of a "production monitor chart", as explained later
in the present chapter. In general, an efficient production control system
helps to: systematize job-order scheduling; optimize the utilization of mer
and machines; provide better control of work methods; maximize workers' satis-
faction, besides increasing their effectiveness; minimize waste; and bring to
light more profitable options for manufacturing specific products.

Order and flow production control systems

There are two basic producticn control systems: order control and flow
control. The two systems exist because there are two general types of manu-
facturing process: continuous and intermittent. It is difficult, however, to
classify companiesz by type of manufacturing process, since some use both.

Order control system

A firm uses the intermittent process when it:
(a) Manufactures wide varieties of products p-r order;

(b) Manufactures small quantities of units that are seldom re-orders;




Figure 47.
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(¢) Uses multi-purpose machinery and equipment in the processing of its
products;

(d) Is laid out alomg the lines of the production process;
fe) Bases its manufacturing activities on past sales records.
These cases call for the application of order control.

A feature of the order control system is that the process of production
control actually starts with the signing of the coutract or agreement between
the firm and the customer, regarding the type, quantity and quality of pro-
du~ts to be produced, and the delivery date. The elements of this agreement
are embodied in the Production Planning Sheet (see again figure 45) - and
sometimes in the Job Order Sheet. A routing scheme may subsequently be de-
vised showing the most appropriate flow of materials withia the plant in light
of the various mammfacturing processes required. The estimated time, raw
materials and the machine-h>ur requirements for each manufacturing step invol-
ved in a specific job-order should be included in the routing scheme. This
will lead to the establishment of an effective production schedule, and ensure

that products will arrive at the finished goods storeroom on the date stipu-
lated. To guzrantee the success of this operation, the following steps should

be taken:

(a) The product should be divided into its major and minor components and
the decision made as to whether to make or buy them. This means determining
in advance which parts or components it would be economical for the firm to
make and which could be more economically bought outside.

(b) The owner-manager should uake »imself thoroughly familiar with the
alternative ways ~f delivering the services stipulated in the job-order, in
order that the most economical process will be selected prior to inserting the
job—order in the prcduction system;

(¢) It should be ascertained that the various procuremenc lead times for
the required raw materials are reali.tic;

(d) The situation regarding job orders ia process, as well as those
scheduled to be processed, should be carefully considered before fi+ - a
schedule for the new job order.

At this point, a formal schedule is prepared, preferably using a areg
or the PERT (Programme Evaluation and Review Techniques) Network Ana.,s.s.

The Gantt chart shows, in descending steps, all the time aud activit .-
involved in a process, from the procurement of the raw materials to tne com-
pletion of the product. In furniture manufacturing, two types of Gantt charts
may be employed: a machine record chart and an operator record chart. Both
use similar procedures and differ only in the type of "causes" of failure to
meet production plans. An example of a Gantt chart for a particular job order
is showa in figure 48,

The PERT Network is a logical representation of the sequences and proce-
dures involved in all the manufacturing activities associated with a given job
order, using PERT principles of programming. At the moment, the PERT Network
is applied only in sophisticated medium (o large-scale furniture
manufacturing plants.




- 110 -

Figure 48. Gantt chart (operator record type)

Day number v

21 22 23 26 25 26 27 28 29 30 31

Job order 555

Operator 1 ————————
Operator 2 ————
Operator 3
Operator 4 ———
Operator 5 —_—
Causes of delay
Operator absent

Key: v Date P )

— Plamed time for job order Power failure

------ Actual time for job order Tools jigs not available

Machine breakdown

-0~ -0

Accident

The scheduling process will :7er be completed satisfactorily unless a
production monitoring chart it employed which illustrates the stage-by-stage
completion of the various job orders. Figure 49 shows an example of such a
chart. Out of this production schedule will evolve a summarized report on the
process ol every job being processed. A format of a typical such report is
shown in figure 50.

In dispatching, which follows scheduling, the primary aim is to maintain
lines of communication with all those concerned in the manufacturing processes
to ensure thai materials and products move from process to process as planned
and on schedule. Dispatching involves:

(a) Co-ordinating all production schedules prior to their release to the
various departments concerned;

(b) Machine and manpower lcading, which means assigning specific jobs to
specific machines and workers;

(c) Reporting and arranging feedback on the status of each job order
being processed in the plant;

(d) Controlling work-in-process. This task involves assuming respon-
sibility for uncompleted work after a certain date, reporting the level of

work-in-process, the amount requiring re-work and the amount of scrap mater-
ials generated.
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Figure 49. Production monitoring chart

PRODUCTION MONITORING CHART

Month of Jinuary

Job order v
No. 1 2

W
P~
W
o
~!
(o]
O
—
<

12 12 /U 31

XXXXZ

et I

o —————

Key: M FPlanned production (in units)

————— Actual production to date

W Date today

Figure 50. Format of a job-order processing report

Job-order processing report for the month of ...

Customer Job order No. Past due This week Next week Remarks
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If the production planning and control functions of an intermittent manu-
facturing operationm have been well laid out, "expedizting" should not be neces-
sary. This, however, 1s seldom the case: schedules are not adhered to,
machines break down, and other production mishaps occur - hence the need for a
production expediter. Production expediters have an intimate knowledge of the
firm's products, processes, machines, routing schemes etc. in order to be able
to predict and forestall the occurrence of production set-backs.

Flow control system

The flow control system is applicable to small firms that employ the con-
tinuous manufacturing process. Such firms are generally characterized by:
the large-volume production of standardized products; the departmentalization
of the plant by product; the use of special-purpose machines; the tendency
towards long-term sales contracts; and productior for stock.

The primary function of flow control is to provide adequate control of the
rate at which a product or material "flows" through the firm. A firm employ-
ing the continuous manufacturing process can reap the economic advantages of
the mass production system - i.e. speed, low inventory in process, low unit
costs, simpler supervision, and simple production control methods. Even if
flow control is relatively limited in application vis-2-vis order control
(e.g. in intermittent wmanufacturing) the basic elements remain the same:
routing, scheduling, dispatching and expediting.

In continuous manufacturing, the production department must be told what
to produce, in what quantities and by what date. Continuously manufactured
products are usually standard products, i.e. they are produced for stocx and

not against customers’ orders. The rate of manufacturing will be based on the
company's sales forecasts.

The basic elements of flow control are routing, scheduling and dispatching.

Routing. The production staff must be familiar with the different pro
cesses involved in the manufacture of the product. This is important because
the processes may require special parts and tools.

Scheduling. As mentioned earlier, the scheduling of continuous manufact-
uring is much easier than that of intermittent manufacturing. The Gantt chart
lends itself well to flow control methods. 1In addition, however, charts (o
monitor production progress should be used. Figure 51 shows two examples cf
production monitoring charts for continuous-type furniture manufacturing.
Critical to effective scheduling is the procurement, in good time, of all the

necessary materials, so that the production processes will not be hampered or
delayed.

Dispatching. After the operating schedules and plans have been consid-
ered, the production control department contacts the purchasing department
regarding the procurement of the raw materials, It then gives the production
personnel instructions on the manufacturing processes to be employed. For
continuous manufacturing, these instructions will be relatively complicated.
For this reason, most small compani2s engaged in continuous manufacturing do
not employ dispatch forms,




Figure 51.

Production
(in units)

Production
(in units)

Production monitoring charts for continuous
furniture manufacturing

Example A
Production
capacity
time
. — (one shift)
Planned
B production
L-T ~==-1 Actual
production
= o = = P e o}t e o of p
Dp Dy D D3 D, Ds Dg D, Time (days)
Example B
Planned production
— Cumulative
’," actual product
~
-~
-
-

Time
(days)

¢ e —————— e PP
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Figure 5z. Relationship between production planning and control
and with areas of the firm

Delivery

Customer & Marketing sales person

. Specify needs > . Obtain/clarify needs
—> 1.e. product, quantity,
quality, delivery date
etc.

Production/planner

. Specify product
design, process design,————-— =
routing, actlvity, parts,
tools etc.

Cost engineer/accountart
. Detailed cost estimate

l/ Production control
. Monitor execution
————> Production manager of manufacturing
. Issue/approve order
manufacturing orders
Production

Finance
. Allocate funds

b

Storekeeper/purchasing
Determine what material
is available and what should
be procured

Quality control P
. Check the products ~

| N




Production plannirg and controi and its links with other

areas of the firm

Production planning and control activity is a critical element of the
“creative" function of a furniture manufacturing firm (figure 52). It is the
connecting link between the marketing and the production phases - a link that
starts with the marketing departument's job of determining the quantity, init-
ial specifications, and delivery time of the preduct. This iuformation is
forwarded to the production plamner who is responsible for, or who co-ordin-
ates, the product and process designs; routing activities; parts and tools
listing; and the building of c prototype or model of the product. The gro-
duction planner then forwards his findings to a cost engineer or a cost ac-
countant who will estimate the cost of manufacturing the product. In small
furniture manufacturing firms, the estimates are usually furnished by the
production managers or the product designers.

The cost estimates are then forwarded to the finance department in order
that funds may be appropriated fuor the manufacture of the product. The list
of material and parts requirements is sent to the storekeeper who subsequently
reports to the purchasing department (under finance) on what materials and
parts are out of stock and need to be procured. The purchasing department
buys or otherwise procures the materials and parts needed. The agreed deliv-

ery dace is passed on to the production control department which will be in
charge of rovting and scheduling the manufacture of the product. Dispatching
activities in a small firm are usually handled by the production manager.

Notes

1/ Unless otherwise indicated, in this manual the term "small-scale" is
used, for brevity, to cover family, small or medium-sized enterprises employ-
ing up to 100 people.

2/ Small-scale furniture manufacturing firms are assumed to develop in
stages almost parallelling those in the life cycle of the product: intro-
duction; growth; maturity; and decay. In some cases, an idea or conception
stage precedes the introduction stage.

3/ One definition of specialization that has proved useful for small-
scale industries has been the ability of a relatively small firm to concen-
trate on using its limited resources to produce as limited a p:oduct line as
possible in areas where it has a distinct advantage. The degree of applica-
tion of the concept of specialization may be measured using the following
ratios:

Sales generated by the
market segment having the
(a) Market specialization highest sales volume
ratio Total sales volume

Sales generated by the process
(b) Process specialization having the higheat sales volume
ratio Total sales volume
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Sales generated by the product

(¢) Product specializatioa having the highest sales volume
ratio = Total sales volume

The values of the specialization ratios may range from a high of 1.0 (indicat-
ing highly specialized firms) to 0. (See also Eduardo Q. Canela, "Making sub-
contracting work', Small Industry Journal, December 1981.)

4/ See Canela, loc. cit.

5/ specific types of production management problems are touched upon
elsewhere in this manual as follows: planning related problems, chaps. I-V
and VIII; control-related problems, chaps. III, IV, VI-VILI; productivity-
related problems, chaps. V-VII; organizing, directing and integxrating related

problems, chaps. I and VIII; and technology-related problems, chaps. I, V and
VI, :

6/ A simple sorting/classification technique, the Pareto Principle can be
used with good effect in other areas of furniture marufacturing.

7/ Low Cost Automation for the Furniture and Joinery Industry
(ID/154/R&v.T).

8/ The principles of motion economy and workplace layout and design have
been taken from the International Labor Organisation, Introduction to Work
Study, 3rd ed. (Geneva, 1979). Only those principles directly applicable to
small-scale furniture manufacturing firms have bz2en selected. Readers should
refer to the ILO publication for the complete listing.

9/ These codes provide a rough guide as to which size or type of furni-
ture manufacturing firm each principle is most likely to be applicable: A =
Job-order, small to very small firms; B = Rigid-mass production or medium—

sized firms; and C = fairly large-sized firms, probably using a fle«ible type
massproduction system,

10/ Introduction to Work Study classifies the movements of the human body
as follows (see p. 157).

Class Pivot Body members moved

1 Knuckle Finger

2 Wrist Hand and fingers

3 Elbow Forearm, hand and fingers

4 Shoulder Upper arm, forearm, hand and fingers

5 Trunk Torso, upper arm, forearm, hand and fingers

11/ The specific technique used, known as '"value analysis/value engin-
eering', attempts to determine the cost-function relationship of the parts and
materials used in a product. For a more detailed discussion, see; Lawrence
D. Miles, Techniques of Value Analysis and Engineering, 2nd ed. (New York,
McGraw-Hill, 1972) and Manual on Value Analysis (1D/298).

12/ For information on the statistical and monogram methods of determ-

ining the number of observations to be made, see Introduction to Work Study,
pp. 196-198; for instructions on making random observations, see pp. 198-204.

13/ See Introducrion to Work Study on the determinacion of samyle size
for time studies (p. J30). See also Raymond Mayer, Production and Operactions
Management, 3rd ed. (New York, McGraw-Hill, 1975), pp. 516 to 517).
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14/ By a standard level of performance is meant the average output which
qualified workers will naturally achieve, without over-exertion, in a working
day or shift, provided they are familiar with and adhere to a specified method
and are sufficiently motivated to apply themselves to their work.

15/ Introduction to Work Study, p. 249.

16/ 1bid., pp. 266 and 268. This publication also provides details on
how to estimate their allowances.

17/ Manual on Value Analysis (ID/298); and Low Cost Automation for the

Furniture and Joinery Industry (1D/154/Rev.l), prepared by W.J. Santiano and
H.P. Brion.

-t
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